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I. Introdaction. 

The types of Indian linseed have been studied in a previous publication [Howard 
and Eahman Khan, 1924] in which 123 types of this crop are described. From the 
economic point of view these forms fall into two divisions. The types which are 
native to Peninsular India possess bold seeds and a deep root-system and a some- 
what procumbent habit appears in them when grown in Pusa, while the forms which 
grow best in the Gangetic alluvium possess small seeds, a shallow root-system and 
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stiff erect stems, i'he bold-seeded types generally possess a Idglier oil-content 
than the small-seeded types but do not grow or yield well in the Gangetic alluvium 
as their root-system is not adapted to the soil eoni'tions of this tract. 

The first step in the improvement of Indian linseed was the isolation of the unit 

species e? the crop and the selection of the best oil-producing forms. This was 
achieved by Mrs. G. L. C. Howard and Khan Sahib Abdur Rahman Khan, and two 
high-yielding types of linseed, Types 12 and 121, have been distributed on a large 
scale and have met with great success. T}T)e 124 is a new tj^pe, obtained recently 
(1926) as a selection from Type 12, and differs from the latter in possessing yellow 
seed of somewhat higher oil-content than that of Type 12 ; it probably arose as a 
mutation in this type. All these types, however, are small-seeded types adapted 
to the Gangetic alluvium, and an obvious further improvement would be effected 
if the bold-seeded character could be combined with the vegetative habit and root- 
system which are suited to the soils of Northern India, thus giving a bold-seeded 
type of good yield and high oil-content adapted to the conditions of the Gangetic 
plain. With this object the two best small-seeded types, Type 12 and Tj'i)ol21, 
have been crossed with several of the bold-seeded types, and the present paper 
contains the results of these experiments. 

The inheritance of characters in linseed has previously been investigated by 
Tammes [1928] and the results of our investigations generally agree with” those of 
that author, thus the Indian types of linseed appear to be similar genetically to those 
investigated in Europe. Certain points of difference between our results mid those 
of Tammes are referred to in the conclusion of this paper. Her investigations were 
confined to the inheritance of colour in petals, anthers and seed, but in the present 
study the inheritance of colour in filaments, style and stigma has also been talcen 
into account. It has been noted by Tammes that inheritance of colour in the«e 
organs (filaments, style and stigma) has so far not been studied by any investi-rator 
and we have also failed to find any record of such a study. The viiatioii in the 
occurrence of colour m these organs, and the omission of this part of the work bv 
previous mvestigators, suggested to us the advisability of payimr attention to th; 
m entance of colour m filaments, style and stigma. Apart from wliat we could 
elucidate as to the genetical constitution of the various linseed times our stiidv 
has also pomted out the probable reason why previous investigators have excluded 
the study of colour inheritance in these organs. The development of colour in fih- 
ments, style and stigim is somewhat complicated on account of its deiiendencc for 
fuU development on the amount and direction of sunlight, and on the mm V /] 
flower. Even when the genetical factors for the development of colour an" m e c 
the colour m these organs may not develop fully for want of simlifdit etc ^ 
this study it was often found that plants which were noted as colourles.s fo tii’e moril ’St 
developed colour after exposure to the sun’s rays till noon On this ? 

many observations made in the beginning of this research gave inconclusive 'rcsultl 
but m these cases when E, and E, observations were consLed aid. by sfoe, 


mHEBITANCE OS' OHABACTEES IN INDIAN LINSEED 


3 


of the anomalies were solved. But, however, later on, when these difficulties were 
known to us, the observations on colom.' in filaments, style and stigma were made 
much later in the morning (at about 11 a.m.) and finished before 1 or 2 p.m. by which 
time the linseed flowers start shedding. This change in the time of observations 
has been of considerable assistance in getting more definite results and thereby 
elucidating the mechanism of inheritance of colour in these organs, and we have 
been able to formulate certain hypotheses which harmoniously explain the observa- 
tions made in all the crosses studied. 

In presenting the results of the crosses, it is proposed to give the description of the 
parents and first generation hybrids first and then to give the actual observations 
made in Pg as regards the segregation of the various characters that have been con- 
sidered in this work. 

After presenting these results, we have put forward a theory that should explain 
the obser\ations made, and it has been shown in subsequent pages how far the theory 
agrees to the observations. 

This work was commenced in 1924-26 when the first eight crosses were made — 
these crosses have now been carried to the Fg generation. 
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II. Description of the Results of the Crosses. 

Ceoss No. 1. TypE 12 WITH Type 1. 

Petals TyT)e 12 has white petals (Plate I) with a very faint hluish tiHge ; the 

petf rino. and have a crimped appcmaec. T>Tc 1 “ -•'j :; 
crimped petals with a faint pink tinge ; the petals of Type 1 also ha.c lilac vem.. 

(Plate 11). 

The Fi had bright bine petals (Plate I) and the population showed the folloiving 

T>li6iiotypcs of p6ta.l colour End tlicir fr6Cj[U6iiciGS . 






Bine 

like 

White 

like 

Type 12 

"White White 

like non- 

Type 1 crimped 


12x1. 

. 

. 

* 

115 

32 

29 3 

= 179 

1X12 


. 

. 

92 

26 

38 7 

= 163 

Total observed 

. 

. 


207 

68 

67 10 

^342 

„ expected 

. 

. 

. 

192‘6 

64*2 

64-2 21 "4, 

=3424 

Eatio observed 

. 

• 


9‘68 

! 2*71 

; 3-13 : 0-47 


-tixpected . 

. 

. 

• 

9 

: 3 

: 3 : 1 



X®==7*78. The fit is not good owing to the deficiency in the double lecessi^^ 
class. The non-crimped phenotype is the double recessive ; it difiers from both 
the parents. It is difierent from Type 12 in possessing broader petals which hack 
the bluish tinge and crimped appearance, while it differs fromTnie 1 in not po.ssessmg 
even the slight pink tinge and lilac veins. The petal colour of the double recessive 
is full white, and it has been called “ non-crimped ” white. In 51 cultures iii Ig the 
following segregations occurred 


Number of cultures and nature of parent 
plants in Fg 


Segregations 


Fbequekcies 


Observed Kxpeeted 



Pure 


Like Fa 


3 bine : 

i Type 1 

3 blue : 

1 Type 12 






PLATE J. 
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PLATE 11. 
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Number of cultures and nature of parent 
plants in Pg 

1 

! 

Segregations 

Erequencies 

Observed j 

Expected 

8 cultures from plants like Type 1 in Eg 

Pure .... 

3 

2*6 


3 Type 1 ; 1 non-crimped 

5 ! 

1 

6-4 

9 cultures from plants like Type 12 in Eg . 

Pure .... 

3 Type 12: 1 non- 

3 

3 


crimped 

' 6 

6 

7 cultures from plants wbicb were “ non- 
crimped ’’ in Eg* 

Pure , . 

7 

7 


The behaviour of Fg, therefore, confirms the theory that the cross shows 
a dihybrid segi'egation in petal colour. 

Filaments, styles and anthers. The F^ has blue filaments and a blue style, and 
in Fg all phenot}^es with blue petals or with petals like Type 1 have blue laments 
and style. The frequencies of these characters, therefore, coincide with the 
frequencies for the petal phenotypes. The anthers are blue in Fj and blue in Fg 
in the phenotjTpe with blue petals. 

Stigma. The Fj has a white stigma, and in Fg white stigmas are dominant to 
purple stigmas on a 3 : 1 ratio, in the phenotype with blue petals ; all the other 
petal phenotypes in Fg have w^ite stigmas. In this, the first cross which was 
observed, the diagnosis of stigma colour in Fg was not satisfactory for the reasons 
explained on page 3, and the above results are based on the Fg observations. In 
Fg in the 27 cultures with blue petals we foimd : — 


Number of cultures and nature of parent 
jjlants in E 2 

Segregations 

Observed 

Expected 

19 oultTires from plants with white stigma 
in Fa- 

8 cultures from plants with purple stigma 
in Pj. 

Pure . , 

Segregating 

Pure . , . . 

6 

13 

8 

6*33 

12-66 

8*34 


In the cultures segregating for stigma colour in Fg, we found a total of— 


Observed 


White Purple 

stigma stigma 

166 58 =224 


Expected 


168 56 =224 


Seed. Type 1 has a bold yellow seed and Type 12 a small brown seed, and the 

Fi has brown .seed. 













Eeequencjies 


Oifserved 


148*5 

49*5 


Brown 


Brown 


Like Type 12 . 


. 2*75 


44*25 

14*75 

6 


Grey . 
Yellow 

Grey • 
YeHow 


rfon-crmiped 


“ Non-crimped ” 


s lOTIAN JOUBNAIt OF AOBIOOTTORAL SOIENCB [ I* 

The following were the observed phenotypes for seed colour^ and their, fre- 
quencies, together with their distribution in the four petal phenotypes, in the F2 
population, cross and reciprocal : — 


Fetal colour 


Blue like Fj 
Blue like Fj 


The total frequencies of the four seed phenotypes are : — 


Brown Fawn Grey Yellow 


Observed ... 188 61 52 15 «316 


Expected . . . 177*75 59*25 59*25 19*75 «=316 


X«=2*669 


Grey seeds are liable to be wrongly diagnosed as browni and the slight discre- 
pancy between observation and theory in these phenotypes is probably due to 
difficulty in diagnosis. 
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Cross No, 2. Type 12 with Type 8. 

Petals. Type 8 has hright blue petals and the resembles Type 8 (Plate I) 
but the petals are a slightly lighter blue. 

The Fg population showed the following phenotypes and frequencies for petal 
colour : — 







Blue like 
Types 

White like 
Type 12 


12X8 . 

. 


. 

• 

162 

m 

' =219 

8X12 . 

• 


. 

. 

139 

m 

= 189 

Total observed 


• 

• 


301 

107 

=408 

„ expected 

• 

• 

. 

. 

306 

102 

=408 

Ratio „ 

. 

. 

. 


3 : 

1 


„ observed 

, 


, 

, 

2-95 ; 

i-05 



Deviation 5 


-==0*86, The fit is very good. 

Probable error 5*85 

In Eg the following segregations were observed : — 


Number of cultures and nature^of parent 
plants 

i 

Fbbqtjencibs 

1 , Segregations 

i 

Observed 

Expected 

15 cultures from plants with blue petals like 

j 

Pure .... 

4 

5 

Fj m Fa 

Like Fg 

11 

10 

6 cultures from plants like Type 12 in Fg . 

Pure . . 

6 

6 


The behaviouiu of F3 confirms the theory of a single factor difference between 
the parents. The Fj was back-crossed with T)q)e 12 and the resulting population 
consisted of nearly equal numbers of individuals with blue and white petals 


’ 

Blue 

White 


Observed . 

. . 38 


■' =70 

Expected 

. . 35 

y 35 



Deviation _ 3 

Probable error ”” 2*82 


n 


I 
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had blue filaments, anthers and style 
dth blue petals had blue filaments, antherj 

ind in Fj, in the phenotype with blue petals, 


Purple stigma White stigma 


Frequency observed 
„ expected 
Eatio observed 
„ expected 


observations agree with the 3 : 13 ratio of pu 
Type 8 has a bold fawn seed and Type 12 ha 
■own seed and in F„ we observed : — 


The total frequencies of browns and fawns are therefore 

- Brown Fawn 


Observed 


Expected 
Eatio observed 


expected 


Deviation 


Probable error 


Petal colour 

Seed colour 

Fbequehcies 

Observed ' Expected 

Blue like Type 8 .... 

Brown 

196 

210 

„ like Type 8 . . . . 

Fawn 

84 

70 

White like Type 12 

Brown 

75 

73*5 

„ like Type 12 . . . • 

Fawn. . 

23 

24*5 
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Cross No. 3. Type 12 with Type 11. 

Petals. Type 11 has a deep lilac petal and The has a bright blue peta (Plate 
III); the F 2 population showed the following phenotypes and frequencies : — 



Blue like Fj 

Lilac like 
Type 11 

Wbite like 
Type 12 


12X11 • . . 

116 

36 

49 

«199' 

11X12 . . . 

117 

26 

56 

-199 

Total observed • 

232 

61 

105 

-398 

„ expected • 

223*92 

74*64 

99*52 

■■ -398*08 

Ratio observed • 

9*73 

5 2*56 

t 4*4 


„ expected . 

9 

: 3 

: 4 


x^=3*06. There is a slight deficiency in the purple class and the fit is not good. 
The Fg population was grown again in the following year and the frequencies 
obtained were : — 


Blue 

Lilac 

Wbite 


Observed . 

284 

87 

126 

-497 

Expected . 

. 279*54 

93*18 

124*24 

-496*9a 

Ratio observed . 

9*14 

2*8 

: 4*06 


„ expected . 

9 

: 3 

: 4 



x2=0*626. The fit is satisfactory in this case. 

In Fg the following segregations were observed : — 




Ehequencies 

Number of cultures and nature of parent 
plants 

Segregations 

Observed 

Expected 

19 cultures from plants with blue petals like 
Ej in ^ 2 * 

Pure . * 

1 

2*1 


Like Eg . . . 

10 

8*4 


3 Blue : 1 Type 12 « 

■5 

4*2 ■ "" 


3 Blue : 1 Type 11 

3 

' 4^2 

10 cultures from plants like Type 11 in Eg . 

' Pure . , 

3 '■ 

3*3 


= 3 li&e r I Type 12 . 

7 

6*6 

7 cultures from plants white like Type 12 in 
F-i. 


7 

' 7''" 


p 2 
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Tlie evidence of Fg supports the 9 : 3 : 4 ratio observed in Fg. 

, Filmrimts^, styles and amthers. The inheritance of blue colour in anthers, Ma- 
ments and style is. the same in this cross as in Cross No. 2 between Types 12 and 8 ; 
all phenotypes with coloured, blue or hlac, petals have colour in anthers, hlanients 
and style. The blue colour in the filaments of Type 11 is, however, diSerent to that 
in any other type as the colour is here restricted to the extreme top of the filament, 
and therefore this filament is liable to be confused with white. In Fg we observed 
the following distribution of coloured filaments : — 


Petai colour | 

FujAMeot coloub 


Blue 

Blue like 




Type 11 


Blue . 

Observed 66 

166 

II 


Expected 68 

174 

^232 

Lilac , 

Observed 18 

43 

=61 


Expected 16*26 

46-75 

= 61 

Totals 

i Observed 84 . 

209 

=293 


i Expected 73*25 . . 

219-75 

=293 

Ratio observed 

2-85 : 

1 - 15 . 



expected 3-0 


1 . 


The type 11 filament is, therefore, dominant to the normal blue filament on a 
3 : 1 ratio. 

In Fg generation, in 29 cultures with coloured petals, the following segregation 
in filament colour was observed : — 


Number of cultures and nature of parent 
plants in 

Segregations 

Fbequexcies 

Observed 

Expected 

8 cultures from plants with blue filaments , 

Pure . 

8 

:8 

21 cultures from plants with filaments like 
Type 11. 

Pure like type 11 . » 

1 Blue : 3 Type 11 

6 ■ 

15 

7 

U 


The frequencies 8 : 15 : 6 are in close approximation to the expected 1 : 2 : 1 
ratio. , ■ 
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Stigma, Type 11 lias a very distinct purple stigma and Type 12 a white stigma. 
The Fi in this cross had a white stigma in which a faint blue tinge was sometimes 
visible. In F2J pui'ple stigmas are only found in plants, with coloured, blue or lilac, 
petals and in the second Fg population we observed - 


In blue petals 





Purple 

stigma 

89 

Wbite 

stigma 

195 

'==284 

In lOac „ 





27 

60 

=87 

Total observed 





116 

255 

=371 

„ expected 





92-75 

278-25 

=371 

Ratio observed . 





1-25 

; 2-75 


„ expected 





1 

: 3 



In Eg there were 29 cultures from plants with coloured petals in Eg, and their 
behaviour as regards stigma colour ivas as follows : — 


Number of cultures and nature of plants 

1 

Segregations 

Fbisquehoies 

Observed 

Expected 

p 10 cultures from plants with purple stigma . 

i 

Pure .... 

10 

10 

19 cultures from plants with white stigma » 

Pure .... 

3 

6-3 


Segregating . 

16 

12*6 


The fit is not very good but the diagnosis is difficult. 

Seed, Type 11 has a bold fawn seed, of a darker tint than that of Type 8, and 
the E^^ had brown seed, and in Eg we observed : — 







Ckoss No. 4. Type 12 with Type 22. 

Petals. Type 22 lias a pale blue petal and tbe is a deeper blue like Type 8 
(Plate III)i Tie F 2 population showed tlie following phenotypes and frequencies — 



Blue like Fi 

Blue like 

Type 22 

WMte like 
Type 12 

Wbite,,, 


12x22 

106 

87 

32 

11 

=186 

22x12 

99 

43 

44 

15 

=201 

Total observed 

. 205 

80 

76 

26 

=387 

,, expected 

217*8 

72*0 

72*6 

24*2 

=387*2 

Ratio observed 

9*48 ! 

3*3 ; 

3*14 

: D07 


„ expected 

9 : 

3 » 

3 

! 1 


x2=l*69. The fit 
Tlie Bg population 
frequencies : — 

is good. 

was grown again 

in the next 

season and 

gave the follow 


Blue 

Type 22 

Type 12 

White 


Observed 

98 

31 

36 

13 

= 178 

Expected 

100*125 

33*375 

33*375 

11*125;', 

= 178 

Ratio observed 

, 8*8 ! 

2*78 ; 

3*24 : 

M7 


„ expected 

. 9 

3 : 

3 : 

i 



x2=0*736. The fit is good* 


=389 


Observed 


291-75 97*25 


Deviation 
Probable error 


Total Total 

Brown ■ Fawn 
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In Fg tlie following segregations were noted : — 


IM 


Number of cultures and nature of parent 

Segregations 

Feequbncies 

plants 

■ Observed 

Expected 

15 cultures from plants with blue petals 
like Ej. 

Bure .... 

1 

D67 


like Fg ... 

7 

6-67 


3 Blue : 1 Type 12 

4 

3-33 


3 Blue : 1 Type 22 

' ^ 

3*33 

8 cultures from plants like Type 22 in Fg . 

Bure .... 

4 

2-6 


3 Type 22 : 1 white 

4 

5*4 

6 cultures from plants like Type 12 in Fg . 

Bure .... 

2 

2 


3 Type 12 ; 1 white 

4 

4 

3 cultures from white plants in Fg 

Bure . • • 

3 

3 


The results of Fg confirm the 9 : 3 : 3:1 segregation observed in F 2 . 

Anthers. Type 22 has blue anthers, and in Fg and in Fg all plants with blue petals 
or petals like Type 22 have blue anthers ; the inheritance of colour in the anther 
in the whole cross is, therefore, on a 3 : 1 ratio. 

Filaments, Both parents have white filaments but the F^^ has blue filaments, 
and in F^ in the phenotype' with petals '' blue like F^ ’’ we observed : — 


=r205 



Blue 

White 


filaments 

filaments 

Observed 

155 

50 

. Expected 

153*75 

51*25 

Batio observed 

3*02 

0*98 

„ expected 

3 

1 

In phenotypes, wdth petals 

like Type 22", 

like Type 12 


meiits are white. In the whole cross, therefore, we have in F® 


Blue 

filaments 


White 

filaments 


Observed 

Expected on 27 : 37 


155 

163 


232 

224 


-=387 

«387 







Illilll. 
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Style. In the phenotype with petals blue “ like Fi ” all plants have blue styles, 
all other phenotj^pes of petal colour have white styles. Colour in the style m the 

wliole cross is, therefore, inherited on a 9 : 7 ratio. • i? i 

Stigma, Both parents have white stigmas and the and all plants in hg anc 

F 3 have white stigmas. • i u 

Seed. Both parents have brown seed, that of Type 22 however is bold whde 
that of Type 12 is small ; the F^ had brown seed and all individuals in Fg and M 3 
had brown seeds. 

Cross No. 6. Type 121 with Type 1. 

Petals. In crosses 5, 6 , 7 and 8 the same four parents (Types 1, 8 , 11 and 2'2) 
were crossed with Type 121 . Type 121 has a lilac petal and in the cross with Type 
1 the Fi has a blue petal (Plate I) and the Fj population showed the following pheno- 

t}^es and frequencies : — 




Blue like 
F, 

Lilac like 
Type 121 

White like 
Type 1 

Pink 


121X1 . . 

. . 

84 

33 

38 

10 

= 165 

1X121 


85 

28 

24 

12 

= 149 

Total observed 


169 

61 

62 

22 

= 314 

„ expected 


176*85 

58*95 

68*95 

19*65 

= 314*44 

Ratio observed 


8*61 

: 3*12 

3*15 

: M2 


„ expected 


9 

s 3 

: 3 

j 1 



3:^=0*83. The fit is good. 

The double recessive is a new phenotype with pink petals (Plate II) — pink being 
the basic colour of petals in linseed. Among the 123 types originally isolated at 
Pusa none had pink petals. 

In Fa the following segregations were observed : — 


Number of cultures and nature of parent Segregations 

plants iu Fg 


19 cultures from plants with blue petals like Pure 
FiJnFj. 


FEB<iUENCIBS 
Observed , Expected 



T 
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Number of cultures and nature of parent ^ 
plants in Eg | 

Segregations 

FSEQtTEHCIES 


. Observed 

Expected 

8 cultures from plants with purple petals like 
Type 121. 

Pure .... 

1 

2-6 


3 Purple : 1 Pink . 

7 

64 

8 cultures from plants with white petals like 
Typel. 

Pure . 

3 

2*6 


3 Type 1 ; 1 pink 

6 . 

64 

6 cultures from plants with pink petals 

Pure . . . . 

6 

6 


The behaviour of confirms the theory of a dihybrid segregation in Eg. 

The double recessive, pinli, phenotype was crossed with the white, Type 1, parent. 
The F| (Plate II) was like Type 1, and in the second hybrid generation the following 
frequencies were observed : — 

Type 1 Pink 

210 72 =282 

211*5 70*5 =282 

This clearly indicates a monohybrid difference betw^een pink and Type 1 in petal 
colour. 

Anthers, filaments and styles. Type 1 has white anthers and Type 121 has blue 
anthers. The F^ had blue anthers, and blue anthers are present in F 2 in pheno- 
types with blue or lilac petals. Blue filaments and styles occur in both parents 
and in F^ and are present in all individuals in Fg. 

Stigma, The F^^ had a white stigma and in Fg we obtain in phenotypes with 
blue and lilac petals : — 


Observed 

Expected 

Deviation 
Hobable error 


"4-9 


= 0-306. 







White 

Purple 







stigmas 

stigmas 


Observed 

, 

' ■ ■ ■ 

■ .« ■ 

, 

174 

56 

=230 

Expected 

. 

. 

> 

. 

172-5 

67-6 

=230 

Ratio observed 


. ■ 

. 

. 

2-98 

1-02 


„ expected 

• , 

* 

■■ 

. 

3 

; 1 
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In Fg we observed : — 


■■s 1 'f; ' 

i HiimteofciiItiiresaEd' nature of parent 

[ plants in Fg 

i ?i. ! 

Segregations 

FBEQ'CrBNOnSS 

OhseiYed 

Expected 

! * 12 oiiitures from plants with purple stigmas 

! " ' 

Pure . . « • 

12 

12 

: It — ^ — — 

' ' i 15 cultures from plants with white stigmas 

3 white: i purple 

Pure white * 

8 

7 

1 ■ 10 


Seed. Type 121 has small brown seed and Type 1 has bold yellow seed. The 
F had a brown seed and the segregation was the same as in the cross between Type 
12 and T}T;je I, brown and fawn seeds occur in phenotypes with blue or lilac petals 
and grey and yellow seed is found with Type 1 and pink phenotypes. 

In Fg w'e observed : — 


Petal colour 

Seed colour 

Feequbncies 

Observed 

Expected 

Blue like Fi . 

. 


Brown 




130 

■ 123^75' 




Fawn . 




35 

41-25 

Lilac like Typo 121 . 

. 

. 

Brown 




46 

45 




Fawn . 




14 

16 

White like Type 1 . 

. 

. 

Grey . 




48 

. 45-75 




Yellow 




13 

„ 15*25 

Pink ..... 

. 

. 

Grey . 

. 

. 

. 

15 

15*75 




Yellow 

• 

• 

• 

6 

’ , 5*25 



Brown 

Total observed 

176 

„ expected 

173*25 

Eatio observed 

9*14 

,, expected 

9 


Fawn' 

Grey, 

Yellow 


50 

63 

19 ' 

=308' 

57*75 

57*75 

19*25 

=30S" 

2*6 : 

3*27 

: ^ 0*99 ' 


3 ; 

3 

; 1 
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In a cross between tlie pink donble' recessive and Type 1 the pink parent Lad 
grey seed and tbe results of this cross were : — 





Grey 

Yellow 


Observed . . . , 

• 

• 

263 

89 

= 352" 

Expected .... 

Deviation __ 1 . 

Probable error *”* 547 

• 

* 

264 

88 

= 352 


A satisfactory agreement between observation and theory. 


Gross No. 6. Type 121 with Type 8. 

Petals. The parents have already been described and the Fx ^ petal 
(Plate I) : in Fg Ihe following phenotypes and frequencies were observed : — 






Blue like Ej 

Lilac like 
Type 121 


121X8 




. 127 

44 

= 171 

8X121 




134 

43 

= 177 

Total observed 




261 

87 

=348 

„ expected 




261 

87 

=348 

Pvatio observed 




3 

; 1 


„ expected 

The fit is perfect. 



" 

. 3 

: 1 



In F3 the following segregations were observed 


Number of cultures and nature 

i 

Segregations 

] ■ 1 Il.ll.. 

Eormulse of 

Eeeqxjekoibs 

of parent plants in Eg 


parents 

Observed 

Expected 

13 cultures from plants with blue 
petals like E^ in E^. 

Pure 

E E 

S 

4-3 


Like Eg 

Ef 

8 

8*0 

8 cultures from plants with purple 
petal like Type 121. 

Pure . 

i 

ff . y 

! 

8 

y,' B", 


Blue anthers, filaments and styles occur in all 

individuals in this cross. 
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,, Stigma, In stigma colour this cross resembles that between Types 12 and 8. 
The 1 \ has a white stigma and a 3 : 13 ratio was obtained in F2 as follows 





WMt© 

Purple 




stigmas 

stigmas 

Observed 


# • • 

299 

49 ; =348 

Expected on 13 : 3 

. 

. . • 

282-75 

66*26 =348 

Ratio observed 

. 

. 

13-76 

s ' 2-26 

„ expected 

. 

. 

13 

: 3 ■ 


In this cross, however, purple stigmas occur in both phenotypes for petal colour. 
In Fg we observe : — 


Number of cultures and nature of 
parent plants in Fg 

Segregations 

Formulas 

Feequehoies 

Observed 

Expected 

4 cidtures from plants with purple 
stigmas. 

Pure 

3 purple : 1 white 

1 P P i i 

2 P p i i 

3 

1 

1- 3 

2- 7 

15 cultures from plants with white 
stigmas. 

Pure 

1 ppii, 1 ppii.'j 

2 PpII, 2 ppIi, }■ 

1PP« J 

8 

8-OS 

3 white ; 1 purple 

13 white : 3 purple 

2 P P I i I 

4 P p I i J 

#7 

6-92 


The F3 results confirm the Fg theory. 

Seed. The behaviour of this cross as regards the inheritance of seed colour is 
exactly the same as that of the cross between Type 12 and Type 8. In Fg we 
observed : — 


Bitie 


Lilac 


Flower colour 


Seed colour 


Feequencies 


Brown 
Fawn • 
Brown 
Fawn , 


Observed 

Expected 

186 

190-5 

68, 

. 63-5 

' 63 

' '63*75 

32 

21-25 


* The distinction of tliese 2 segregates was not possible in tb© small number of plants misei m Mm 
cultures in Fs. 
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Brown Fawn 


Total obseinf'ed . 

expected • 

Eatio observed . 

„ expected • 
Deviation 15*25 

Probable error 5*37 


Ceoss No. 7* Type 121 with Type 11. 

Petals, Both the parents have lilac petals hnt that of Type 11 has a deeper colour 
than that of Type 121 (Plate III), The had a lilac petal like that of Type 121^ 
and in Pg the following segregation was observed : — 


121X11 




Lilac like 
Type 121 

139 

Lilac deep 
like Type 11 

46 

= 185 

11X121 

• 

. 


145 

44 

= 189 

Total observed 

. 

• 


284 

90 

=374 

„ expected 

• 

• 


280-5 

93*5 

=374 

Eatio observed 

, 

• 


• 3*04 

: 0*96 


„ expected 

. 

• 


• 3 

: 1 



Deviation 
Probable error 


=0*62. Tbe fit is very good. 


Number of cultures and nature of parent Segregations 

plants in Fg 


[ 7 cultures from plants with lilac petals like Pure , 


Frequ-ekoibs 


Observed Expected 


Type 121 in Fg. 


I 3 Type 121 : 1 Type 11 . 



2 cultures from plants with lilac petal like Pure . . . , 

^ Type 11. 


The Tg population confirms the theory of a monohybrid difference between the two 
parents. A repetition of the Fg in the following season gave : — 


Observed 

Expected 

Deviation 3*25 


Lilac like Lilac like 
Type 121 Type 11 

110 41 

113*25 37*75 


Frobable error 3*59 
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Filaments, styles ani anthers. Both parents possess blue anthers, filaments 
and styles and these characters are present in F, and in all the plants in Pg. The 
blue colour of the filament in Type 11 is, however, restricted to the distal end just 
below the anther as in the case of Cross No. 3. The Fj filament resembles that of 
Type 11, and in the second Fg population we obtained the following frequencies 

Inter- 

Blue like mediate Blue like 
Type 121 resembling Type 11 
Type 11 






so 



Observed 

• 

• 

. 

SO 

m 

II 

s 

Expected 

• 

• 

• 

37*5 

112-5 

= 150 

Eatio observed 

• 

• 

• 

1-25 

2-75 


„ expected 



0 

1 

: S 




Tie diagnosis of tiis character is difficult in this cross and we could obtain no definite 
result in the first Fg population. It was only when increased experience in diagnosis 
had rendered the identification of phenotypes more certain that we were able to 
arrive at a definite result in a repetition of the F^ generation. 

Stigma, Type 11 has a deep purple stigma, while that of Type 121 is white. 
The F| had a white stigma and in the Fg populations the following frequencies were 
observed : — 


Petal phenotype 

, Lilac petal 
like Type 
121 and 
white 
stigma 

Lilac petal 
like Type _ 
121 and 
purple 
stigma 

Lilac petal 
lilce lype 

11 and 
white 
stigma 

Lilac petal 
like Type 

11 and 
purple 
stigma 


Observed , , , , 

259 

- 25 

. 23 

67 

=374 

Expected on 9 : 3 : 3 : 1 . . ; 

210-33 

70*11 

70*11 

1 23-37 

L, =373*§2 

Observed in repetition , . 

98 

12 

10 

■ ':3i 

" =151 " ' 

Expected on 9 : 3 : 3 : 1 . , 

84-96 

■ 

28*32 

28*32' 

, 9*44 

= 151*04 


These frequencies clearly indicate linkage between the deep lilac colour of the petal 
in Type 11 and the purple colour in the stigma in this type, the frec|ueiiey of the 
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paxental types being considerably above expectation, wHle eacb character taken 
singly shows a good 3 : 1 fit. 



White 

stigma 

Purple 

stigma 

Total 

Deviation 
divided by 
Probable 
eri’or 

Observed 

• 

• 

• 

. 

. 


282 

92 

374 

0*26 

Expected 

* 

• 

• 

• 

* 

• 

280-6 

93*5 

374 

A, 

Observed 

• 

• 

* 

• 

• 

• 

108 

43 

151 

1*45 

Expected 


« 


• 

• 

• 

113*25 

37-76 

I5I ' ■ 



Katio observed 3*02 
„ expected 2*86 

In Fg tlie beha^vioiir of the selections made in Fg was as follows 


0*98 

M4 





Prequenoies 


Segregation 

Eormulae 

Observed 

Expected 

2 cultures with purple stigma 

Pure 

i 

PPii 

2 

2 

6 cultures with white stigma « 

Pure 

iPPII . 

1 ' ■■ 1 

2 


3 white : 1 purple 

2PPIi . 

5 

4 


This agrees with the 3 : I ratio obtained in Fg. 

The intensity of linkage between the factors for light petal colour and white 
stigma can be ascertained by calculating the cross-over value. Applying the Product 
Eatio method which has been recommended for general use by one of us [Alam, 
1929], we get a cross-over value of 13*95 per cent. 

Seed, The seed colour factors involved, in this cross are the same as in the cross 
of Type 12 with Type 11, and we should expect a ratio of 3 brown : 1 fawn in each 
phenotype of petal colour, 


A- 
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In tte first Fg population we actually observed 


In this cross our observations dealt with a contrast of brown with, fawn colour in 
the seed with the result that the minor colour distinction between dark fawn and light 
fawn, due to the segregation of X, was not recorded, as in the case of Cross No. 3 
between Types 12 and 11. 

Brown Fawn 

Total observed ...... 275 77 =352 


Deviation 


Probable error 5*47 


The total of brown to fawn in the whole cross gives a good 3 : 1 fit but in each petal 
phenotype this ratio is not realised. If we set out the observed frequencies for seed 
and petal colour, it is apparent that brown seed colour is linked with the Type 121 


The frequency of the parental types is much above expectation and we infer linkage 
between deep lilac in the petal and fawn colour in the seed. The linkage intensity, 
in this case as well, has been ascertained by calculating the cross-over value and 
comes to 15 per cent, when calculated by the Product Eatio method. 



Petal Type 
121 brown 
seed 

Petal Type 
121 fawn 
seed 

Petal Type 
11 brown 
seed 

Petal T 3 rp 6 1 
11 fawn 
seed 


Observed . . . 

249 

21 

26 

56 

=352 

Expected on 9 : 3 : 3 : 1 

198 

66 

66 

22 

■_ , =352 


Petal colour 

Seed colour 

Fbequekcies 



' Observed 

Expected 

Lilac like Tj^pe 121 

Brown . 

249 

202-5 


Pawn 

21 

67-5 

Dee|> lilac like Type 11 . . . . . 

Brown 

, 26 

; 61-6 


Fawn 

56 ' 

' ''"EO-S. 
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If we consider the inheritance of stigma colour and seed colour together, we obtain 
the following : — 



W^hite 
stigma 
brown seed 

Purple 
stigma 
brown seed 

Wiiite 
stigma 
fawn seed 

Purple 
, stigma 
fawn secjd 

Total 

Observed 

259 

14 

16 

63 

352 

Expected on 9 : 3 : 3 : 1 

198 

66 

66 

22 

352 


Here again the frequencies of the parental combinations are considerably above 
expectation, and there is evident linkage between the w^hite stigma and brown seed. 
Calculation by the same Product Ratio method shovvs a cross-over value of 9*3 per 
cent. 


Siimmafy of observations on Linkage in Cross No, 7, 



White 
stigma 
Petal 
Type 121 

White 
stigma 
Petal 
Type 11 

Purple 
stigma 
Petal 
Type 121 

Purple 
stigma 
Petal 
Type 11 


Observed 

. 259 

23 

25 

67 

^374 

Calculated on 9 : 3 : 3 : 1 

210*33 

70*11 

70*11 

23*37 

=^■373*92 


Petal 
Type 121 
BroA^m 
seed 

Petal 
Type 121 
Fawn 
seed 

Petal 
Type 11 
Brown 
seed 

Petal 
Type ] 1 
Fawn 
seed ■ 


Observed 

249 

21 

26 

56 

= 352 

Calculated on 9 : 3 : 3 : 1 

198 

66 

66 

22 

= 352 


White 

stigma 

Brovm. 

seed 

White 

stigma 

Fawn 

seed 

Purple 

stigma 

Brown 

seed 

Pui’pie 

stigma 

FaAvn 

seed 


Observed 

259 

16 

14 

63 

= 352 

Calculated on 9 : 3 : 3 : 1 

198 

66 

66 

22 

=352' 


Cross No. 8. Tyre 121 with tyre 22. 

Petals, The parents have already been described and the Fj had bright blue 
petals (Plate III). 


1 

# 




E 
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In Fg tlie following phenotypes of petal colour and frequencies were observed 

Blue Lilac Pale blue Pale 
like Pi Hke Type like Type lilac 


121X22 ... 109 

22X121 . . • 102 34 62 

Total observed . . 211 63 121 

„ expected . . 223 *74*1 03*8 

Ratio observed . . 8*55 ; 2*55 : 4*9 

„ expected , . 9:3 ; 4 

X^— 7*226, Tlie fit is not good, tlie tliird class being in consider 
distribution of pbenotjrpes can only be explained on the assunipth 
two factors are involved in this cross. This question has been disc 
the theory on page 45. 

A repetition of the population gave 

Lilac Pale blue 

Blue like like Type like Type Pale lilac 


Observed ... 95 i-9 

Expected » . . 98*46 32*82 

Ratio observed . . 3*72 : 2*66 

„ expected , . 9:3 

x2=: 1*765. 

In Fg the following segregations were observed 




i 

j Peequekcies 

Number of cultures and nature of 
parent plants in Pg 

Segregations 

Observed 

Expected, 
on dihybrid 
basis 

7 o-ultures from plants with blue petals 
like Pj in Pg. 

Pure . 

0 

0*78 


LikePg 

4 

3*10 


3 blue ; 1 Type 22 

2 

1*56 


3 blue ; 1 Type 121 . . 

1 ' 1 

1-56 

4 cultures from plants with lilac petals 
like Type 121. 

Pure . 

3 lilac Type 121 : 1 Type 22 or 

■ 2 

■: 1*3, 

pale Hlac . 

2 

2*6 

7 cultures from plants like Type 22 or 
pale lilac. 

Pure 

7 

7 
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The results of agree with those of Fg and the fit is not good even in Fg ; at a later 

place (page 45) reasons are given wMdi show that the segregation is not on a dihybird 

basis* ■ . “ 

Filaments and anthers. Anthers are blue in both parents and in F^ and in all 
plants in Fg* The filaments are blue in Type 121 and in the Fj but white in Type 22. 
In Fg blue filaments and white filaments occur in the phenotypes with petals blue 
“ like Fj_ or lilac like Type 121/’ in the following frequencies 


Blue WMte 
filaments filaments 


Observed 

. 

. 

. 

. . 

• 

260 

14 

11 

Expected on 15 ; 1 . 



. 


, 

256*9 

17*1 

= 274 

Ratio observed 

, 

. 

, 

, 

* 

15*2 3 

0'8 


„ expected 

« 

. 

. 

. 

• 

15 3 

1 



In Fg in the 11 cultures with blue or lilac petals two were from plants with white 
filaments and bred true to this character in Fg. In the remaining nine cultures from 
plants with blue filaments, five were pure for blue and four split into blue and white, 
the latter colour being recessive. All the cultures were badly damaged by disease, 
and it is extremely probable that some of the cultures which appeared as pure blue 
filaments were really splitting on a 15 : 1 ratio. 

Style. In style colour we observe that Fj has a blue style and in Fg all blue and 
lilac flowers have blue styles. 

Stigma. The stigma is white in both parents and in F^ and in all plants in Fg. 

Seed. Both parents have brown seed and as in the cross of Type 12 and Type 22 
there is no segregation of seed colour to be observed in Fg. 

Cross No. 9. Type 12 with Type 121. 

Petals. This cross is between the two types each of which has been crossed with 
Types 1, 8, 11 and 22 in the first eight crosses. The Fj had a bright blue petal 
(Plate I), and in Fg the following phenotypic frequencies were obtained : — 

Blue like Lilac Wliite 

Ej like Type like Type WMte 


121x12., 



136 

121 

V— 

37 

12 

V ^ ^ 

66. 

■ =239 

12X121 . 



114 

54 

47 

=215 

Total observed 

*, 


250 

91 

113 

=454 

„ expected 

. 


255*6 

85*2 

114*6 

«465*4 

Ratio observed 

. 


8*74 

: 3*17 

4*54 


,, expected 

• 

* 

9 

V 3 

: 4 



X2=0-632, TJie fit is good. This cross resembles the cross of Type 12 with Type 11. 
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In Fg the following segregations were ohserved 


Number of cultures and natui*e of parent 
plants in 

I Segregations 

i 

Fk.eqti;engies 

. Observed 

Expected 

10 cultures from plants with blue petals like 

Pure . . • • 

2 

M 


Like Fa . . . 

6, 

1 4-4 


3 blue : 1 lilac 

2 

2*2 


3 blue : 1 Type 12 

0 

2‘2 

6 cultures from purple plants like Type 121 

Pure ...» 

1 

a 


3 lilac : 1 white 

.5 

4 

8 eultures from plants wdth white petals 

Pure . 

' J 

8 


The results of Fg confirm those of F 2 . 

Filaments^ styles and anthers. The F^ has blue anthers ; filaments and styles and 
in Fg these organs are blue in phenotypes with blue or lilac petals and white in the 
phenotype with white petals. 

Stigma, Both parents have white stigmas and stigmas in all plants in this cross 
are white. 

Seed, Both parents have brown seed and there is 210 segregation of seed colour 
in this cross. 


Cross No. 10. Type 1 with Type 11. 


Petals, The parents have already been described and as was expected ^ the F| 
of this cross had blue petals (Plate II). In Fg the following phenotypic frequeneies 
were observed : — 




Blue 

like 

Ft 

Lilac 

like 

Type 11 

White 

like 

Type 1 

Pink 


1x11 , , 

. 

107 

39 

32 

8 

==186 

llxl , 


123 

39 

39 

20 

, , =221 

Total observed 


230 

78 

71 

28 

407 

„ expected 


229-5 

76-5 

76-5 

25*5 

= 408 

Ratio observed 


8-7 

j 3-11 : 

2-78 : 

M7 


„ expected 

'651. The fit is 

good. 

9 

; 3 : 

3 : 

1 
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Seei. Type 1 has bold yeUow seed and Type 11 has bold dark fa.wn seed. The 

F, has dark fawn seed and in Eg we observed : — 


Petal colour 


Blue like Pj . 


Lilac like Tyx^e 1 1 


Wiiite like Type 1 



Pbeqxjencies 

Seed colour 

Observed 

Expected 
on 3 : 1 

Dark .Pawn . 

1S9 

136*5 

Pawn . . 

23 

, 45*5 , 

Dark Pawn . 

57 

47-25 

Pawn . 

6 

15*75 

Dark yellow 

18 

42*75 

Yellow 

39 

14*25 

Dark yellow 

11 

18*75 

Yellow 

14 

6*25 


In this cross we observed two grades of fawn colour in seed in phenotjrpes with 
blue or lilac petals and two grades of yellow in phenotypes with white and pink 
petals. On the basis of this observation, which was rendered more obvious by the 
linkage relationship between petal colour and seed colour, and from the fact that seed 
of Type 11 is a darker fawn than that of Type 8, the factor X w^as added to Type IL 
In crosses Nos. 3 and 7 which were worked out before the cross between Types 1 and 
11 was attempted, the distinction of grades of fawn was not, as akeady mentioned, 
noted. In this cross, however, there was no other contrast except that of fawm and 
yellow with the result that the differences in the grades of these colours were easily 
noted. 

The total frequencies of all the fawns and all the yellows are 

Dark Dark 

fawn and yellow and 
fawn yellow 


Observed . . • ♦ . « • . 245 S2 5=327 

Expected ' / . . . • • 245-25 81*75 «327 

Deviation 0*25 

=0*047. 

Probable error 5*28 

giving a very close 3 : 1 fit with all fawn seeds in the phenotypes with blue or lilac 
petals. Similarly, considering all the seeds with darker tinge in contrast to the 
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lighter one, in tlie whole population, we again get a close approximation, to 3 : 1 
ratio as shown below : — 


Dark Light 

fawn and fawn and 
yellow yellow 

Observed 245 82 =:327 

Expected 245-26 81-76 =327 

When, however, we consider any one petal phenotype, the ratio of dark fawn to fawn 
or dark yellow to yellow departs widely from the 3 : 1 ratio, and if we set out the 
frequencies for seed colour and petal colour together, we obtain : — 



Blue or 
lilac petal, 
dark fawn 
seed 

Blue or Jilac 
petal, fawTQ 
seed 

White Type 

1 or pink 
petal, dark 
yellow seed 

White Type 
1 or pink 
petal, yellow 
seed 

Observed . 

216 

29 

29 

53 

Expected on 9 ; 3 ; 3 : 1 

183-87 

61-29 

61-29 

20-43 


These frequencies clearly indicate linkage between the factors D and X (page 48) 
both of which are present in Type IL By calculation the cross-over value between 
D and X is determined to be about 20 per cent. 

Cross No. 11. Type 1 with Type 22. 

Petals, The of this cross was bright blue (Plate II) and in Fg we observed the 
following phenotypes and frequencies : — 




Blue like 

Blue like 
Type 22 

White like 
Type 1 

White, non- 
crimped 
without 
veins 


22x1 . 


56 

19 

17 

5 

=96 

1X22 . 


119 

36 

28 

14 

= 197 

Total observed 


174 

56 

45 

19 

=293 

,, expected 


164-7 

54-9 

54-9 

18-3 


Ratio observed 


9-5 

: 3-0 

: 2-46 

: 1-04 


„ expected 


9 

t 3 

r 3 




X^=2'24. The fit is satisfactory. 
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Filaments, styles and anthers. Bine anthers occur in Fj and in all plants in F 
ill phenotypes with petals blue like or pale blue like Type 22. Blue styles occur 
in Fj and in all plants with blue “ like Fj ’’ petals in Fg. The segregation of colour 
in the filament in this cross was very difficult to observe. In the phenotype with 
petals blue '' like F^ ’’ a few cases of white filaments are recorded, actually seven in 
the total population of 174, and no white filaments are recorded in the Type 1 pheno- 
type. This indicates that the segregation of filament colour is dependent on the 
action of two factors, and that the cross shows blue and white filaments on a 15 : 1 
ratio as follows : — 


Filament Colour 


Petal colour 


White like Type 1 


Number of cultures and nature of parent 

Segre£?ations 

Frequ 

■ENCIES 

pknW ii> Fo 


Observed 

Expected 

12 cultures from plants with blue like Fj 
petals in F^. 

Pure .... 

2 

1*3 

Like Fg • • ' 

4 

,5-2 


3 blue : 1 Type 1 . 

4 

2‘6 


3 blue : 1 Type 22 

2 

2-6 ' 

3 eultiues from plants like Type 22 . 

Pure . . 

2 

1*0 


1 3 Type 22 : 1 wdiite . ; 

1 

2-0 

3 cultures from plants like Type 1 . 

pure .... 

1 

^ 1-0 


3 Type 1 : 1 w4iite 

2 

2*0 

4 cultures from wiiite non-crimped plants ,. 

Pure .... 

■ 4 

4*0 



Blue 

Wiiite 

Total 

Observed . 

167 ,■ 

1 ■ 

'■ ,174 

Expected . 

163*16 

10*85 

174 

Observed . 

45 ■■ 

'■ 0 

45 

Expected . 

42-2^ 

2*8 

^ 45 


1 
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Tte absence of any record of white filaments in the Type 1 phenotype is not a serious 
discrepancy in a population of this size {i.e., 45) with a 15 : 1 ratio. 

Stigma. The had a white stigma^ and in we find purple stigmas in the 
phenotype with blue '' like ’' petals : — 






White 

Purple 






stigma 

stigma 


Observed 




136 

38 

= 174 

Expected 




130-5 

43-5 

= 174 

Ratio observed 




3-13 

: 0*87 


„ expected 




3 

5 1 


In the whole cross 




255 

38 

=293 

Expected on 13 : 3 . 




238-1 

54-9 

=293 

Ratio observed 

. 



13-92 

: 2-08 



Seed. As regards seed colour the cross is the same as those between Type 1 and 
Type 12 and Type 1 and Type 121. and gives. brown and fawn seeds in phenotypes 
with coloured petals and grey and yellow seeds in phenotypes with white petals. 

In Fg we observe : — 


Petal colour 

Seed colour 

Feequencies 

Observed 

Expected 

Blue like ...... 

Brown 

88 

91-75 


Eai\ui .... 

37 

31-25 

Blue like Type 22 . . 

Brown 

34 

31*5 


Fawn .... 

8 

iO-5 

White . . 

Grey . 

33 

' 33 


Yellow 

n 

11 



Brown 

Fawn 

Grey 

Yellow 

Total observed ' 

122 

45' 

33 

11 

„ expected 

118-8 

39-6 

39-6 

13-2 

Ratio observed 

9-24 1 

: 3-4 

: 2-5 

: 0-83 

„ expected 

9 

3 

: 3 

: 1 


The deficiency of grey and excess of fawn goes hand in hand with the deficiency^' of 
White like Type 1 ’’ and excess of Blue like Fj ” in flow^er colour as grey seed 
colour is limited to the White petal ” and fawn is limited to Blue like Fj ” and 
'' Blue like Type 22 ” petals, “ ' 

Cross No. 12. Type 1 with Type 124. 

Type 124 appeared as a mutation in Type 12, and difi’ers from it only in seed 
colour., 
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Observed. 

Espected 


Petals, As regards petal colour (Plate II) this cross is the same as that of Type 1 
with Type 12 aiid-in Fg observed 



Bin© 

White 

White 

White 


Ilk© 

like Type 

like Type 

iion- 


E, 

1 

124 

crimped 

1 X 124 (observed) 

123 

31 

44 

7 

Expected 

116*4 

38*4 

38*4 

12*8 

'Ratio observed 

9*60 

: 2*42 

s 3*43 

0*6; 

„ expected 

9 

: 3 

j 3 

1 


There is a deficiency in the double recessive and a corresponding .excess in Type 124. 
X^=5“6 and 'tlie fit is not good but the population is small. 

Filaments, styles and anthers. The inheritance of colour in anthers, filaments and 
styles agrees with that in Cross No. 1. 

Stigma, In stigma, however, the is purple and in F^ we observe that all plants 
in the phenotype with blue petals have purple stigmas. 

Seed, The seed of Type 124 is yellow and so is that of Type L In Fj the seed is 
fawn and we observed in F^ : — 


Petal colour 

Seed colour 

I Eeequbhcies 



Observed 

Expected 

Blue like Ej . . . . . 

Eawn . 

75 

78 


Yellow 

29 

26 

White like Type 124 .... 

1 Eawn .... 

28 

28*5 


Yellow 

10 

9^5 


White like Type 1 . 

„ non-erimped 


In the whole cross we observe 


Fawn Yellow 


Deviation 


Probable error 
Batio observed 
„ expected 


m 

93-94 


7-12 

7 


74. 

73-06 


= 167 
= 167 


0*94 

3*77 


=0*25. 


INHERITANCE OP CHARACTERS IN INDIAN LINSEED 


35 


III. Theory. 

From the results of these 12 crosses we observe that blue colour iu the petal de- 
pends on the interaction of several factors and that lilac colour in the petal is recessive 
to blue. Pink colour in the petal is recessive to lilac and to the Type 1 kind of white 
petal. Blue colour in the anthers, filaments and style, purple colour in the stigma 
and colour in the seed-coat are dependent on some of the factors which influence 
colour in the petal in addition to several other factors which determine the colour in 
these organs separately. 

On the basis of the segregations observed in Fg and Fg we postulate the existence 
of the following factors which determine colour in the various parts of the flower 
and seed : — 

B — a factor which acts with C to produce pink colour in the petals. 

C— a factor for colour in the petals which acts with B to produce pink. 

D— a factor which modifies pink colour in the petal to lilac. In the absence of 
B and the presence of E, D causes a faint tinge of blue in an otherwise 
white petal. 

E — a factor which intensifies colour in the petal. 

F— a factor which dilutes pink colour in the petal, so that in the presence of F 
lilac is modified to blue and pink is diluted to white with a pink tinge. 

K— a factor which distributes the colour evenly all over the petal and also inten- 
sifies it when either E or F is present. In the absence of ‘ K’, colour is 
deeper m the upper half of the petals, and becomes paler in the lower half. 
When E and F are both absent, K does not act as an intensification factor. 

N— a factor which reduces the intensity of colour in the petal. 

T— a factor which restricts blue colour in the filament to the distal region imme- 
diately below the antber. 

Zi— a factor which produces blue colour in the filaments if B, 0 and K and either 

E or F are also present. 

Zg— a factor which operates in the same way as Zj to produce blue in the filament. 
If either Z^ or Zg is present, together with B, C, K and either E or F the 
filament is blue. 

H— a factor wMcb produces blue colour in the anthers when B and D are also 
present. 

R— a factor which produces blue in the style if B, C, K and either E or F are also 
present. 

P— a factor which produces pink colour in the stigma if B and C are also present. 
If in adchtion to these three factors D is also present the stigma is purple.' 

I — a factor which inhibits colour in the stigma, 

G — a factor for grey colour in the seed-coat. 

M— a factor which acts with D to produce fawn colour in the seed-coat ; if G is 
also present the fawn colour is converted to brown. In the absence of Q 
and if either M or I) is also absent, the colour of the seed-coat is yellow 
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X— a factor which intensifies colour in the seed converting fawn to dark fawn 
and yellow to dark yellow. 

Gn the basis of the fimctions performed by each of the above factors and from the 
results of the crosses we infer that the genetic constitution of the seven parental types 
is as follows : — 

Type i.--BBCXWEEEEKKNNttZiZiZ 2 Z 2 HHRRPPiiggMMxx 

„ 8.-~BBCCBBEEPFKKlSnS[ttZiZiZ2Z2HH:EPuppiiggMMxx 
„ lL--BBCCBBEEffKKmiTTZ,ZiZ,Z2HHRRPPiiggMMXX 
„ 12.-~~bbCBBBEEFEKKNNttZiZiZ2Z2HHRRPPIIGGMMxx 
„ 22.— BBCCBBeeFFkkNmtZjZiZoZaHHBRPPIIGGMMxx 

„ I2L— BBCCBBEEffKKNNttZiZiZaZaHlIRRPPIIGGMMxx 
„ 124.— bbCCBBEEFFKKNNttZiZiZ^ZoPmRRPPiiggmmxx 

I¥. Application of Theory to the Observed Results* 

We will now consider how this distribution of the factors agrees with, the results 
obtained in Fg and Fg. 

Cross No. L This is between Tyiies 12 and 1, and the F^ is heterozygous for the 
factors B, D, I, and G, the other factors being homozygous as given below 

BbCCBdEEFFKKNNttZiZiZaZ^HHRRPPIiGgMMxx 

As regards petal-colour we are dealing with a segregation of B and D and should 
espect that the Fj would have a Blue petal and that in Fg we should obtain a popula- 
tion of the following phenotypic proportions : — 


9BB 

3bB 

3 Bd 

1 hd 

Blue 

White 

White 

White 

like 

like 

like 

noii- 

Fi 

Type 12 

Type 1 

criniped 


.. : 


^ 




a result which agrees fairly closely with our observation (page 6). There is a defi- 
ciency in the frequency of the double recessive white non-crimped in F^. This is 
possibly due to the gamete bd ’’ being produced by the F-j plant less freqiientl}' 
than the other gametes ; some lethal action of the combination “ bd ’’ is indicated. 
At the same time the low frequency of the Blue : Type 12 segregation in F^ suggests 
the zygote BDbD is in defect and indicates some lethal action of the conibination 
bD. The evidence in favour of this view is discussed in Cross No. 12 (pages 41) 
and 50). Since both parents are homozygous for 0, E, F, K, R and Zj, blue colour 
in the filaments and style will occur in the F^j and in those phenotypes in F^ which, 
contain B as is actually observed. 

Sinee'H is homozygous in both parents, blue colour in the anther will occur in tie* 
Fi and in those phenotypes in Fg which contain B and D {i.e., in flowers with blue 
petals), as has been realized. 
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Tlie stigma of F j is wHte, the factor I being heterozygous, and in Fg we should 
expect the segregation of I to give a ratio of 3 white : 1 purple, as is actually observed. 

As regards seed-colour there is a segregation of G and D in the presence of M and 
absence of X. We therefore expect -a ratio in Eg of— 

OGBMx SGdl’Ix 3 gDMx 1 gdMx 
BroTO Grey Fawn Yellow 

with all the brown and fawn seed in plants with blue or Type 12 petals and al the 
grey and yellow seed in plants with petals like Type 1 or iion-ciimped ’’ white. 
This result is actually realized. 

Cross No, 2, This is between Types 12 and 8, and the F^ is heterozygous for the 
factors By P, I and G, other factors being homozygous, as given below : — 

BbCCDDEEFFKKNNttZ3ZjZ2Z2HHE,RPpIiOgMMxx. 

Considering petal-colour are dealing with a segregation of B and should expect that 

the F| would have a blue petal and that in Fg we should obtain a ratio of 

bb 
1 

1 white like Type 12, 

a result which is closely realized. The evidence of Fg confirms this theory. 

The back-cross between the F^^ and Type 12 is of course a cross between Bb 
and bb and should result in a population of equal numbers of individuals with blue 
and white flowers, as is obtained. Since both parents are homozygous for C, D, 
E, F, K, Zj , H and E, the inheritance of blue colour in anthers, filaments and style 
is determined by the segregation of B, and we should expect all plants, with blue 
petals, to have blue anthers, filaments and style, a result which is obtained. 

With regard to stigma-colour we have a segregation of P and I as follows 


S’, 


pp 

li 


White stigma 

oil 

sii 



Spl 

Ipi 

.White 

Purple 



White 

White 


This gives a ratio of 3 purple : 13 white in Fg in the phenotype with blue petals as has 
been actually realized (page 10). Since B is necessary for the development of purple 
colour in the stigma, this segregation only occurs in the phenotype with blue petals 


BB 

1 


Bb 

2 


3 blue like Type 8 
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and in this cross all plants mth white petals must have a white stigma. In seed- 
colour factors both parents are homozypus for D, M and z and there is a segregation 
of G alone. This should give an with brown seed and a ratio of 


3 Ibrowii 1 fawn 

in. F2 realized. . 

Cross No, 3. Tlie cross is between Type 12 and Type 11, and tne Fj is Jietero- 

Kygoiisfor B.F, N, T, I, G and X, the otter factors being homozygons,^ follows 
BbCOBDEEFfKKNnTtZAssZsHSBRPPIiGgl^ 

111 petal-colour we are dealing with a segregation of the factors B, F and N ; 
the F^ should be bine and in Fg we should expect. 


27BFN 

9BPn 


9Bf N 
3Blii 


9bFN 

SbFn 


S b f N 
1 b f n 


This result is realized in Fg and supported by the observations in Fj, but imfortnnateiy 
the segregation of N was not distinguished in the blue and lilac phenotypes, nor 
could any difierence be seen between white-flowered plants of the Type 12 genotj'po 
(bFN) and the other three genotypes bfN, bFn and bfn. 

Since both parents are homozygous for 0, D, E, K, Zp H and E, the inheritance 
of blue colour in anthers, filaments and style will be determined by the segregation 
of B. We should expect blue colour in these organs in phenotypes ndth blue or 
lilac petals, and this is actually observed. In the case of filaments and styles tlie hct 
that F is heterozygous has no influence as E is always present. In the ca.s(^ of fila- 
ments, however, w^e have to consider the action of the factor T "vvliich icstiictiS 
colour to the disW end of the filament as in Type 11. We should expect that the F, 
(Tt) would resemble Type 11 and that in Fg we should obtain 


Type 11^ 
filament 


Intermediate claissed 
with Type 11 





This is realized in F^ and in Frj 
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Both parents are homozygous for P and we have to consider the segregation of I 
in those phenotypes which contain B and P. This should give in Fg : 

ii 
I 

1 purple 

—a ratio of 3 white to 1 purple stigma in phenotypes with blue or lilac petals. This 
is realized. 

In seed-colour we are dealing with a segregation of 6 and X, since both parents 
are homozygous for D and M. The F^ (GgXx) should have brown seed and in Fg 
■we should obtain ; — 

Gx gX gx 

3 3 1 

12 browB 3 dark fawn I light fawn 

3 brown : 1 fawn 

The 3 : 1 ratio is realized in Fg but in this cross the distinction between dark fa'wn and 
light fawn seed was not noted. The evidence for the presence of X in Type 11 rests 
on the results of cross No. 10 between Type 1 and Type 11 ; this latter cross was not 
made until after the observations on the present cross were completed. 

Had the results of the segregation of N and X been observed in the cross between 
Types 12 and 11 we should probably have observed linlcage phenomena siTnilar to 
those recorded for the cross between Types 121 and 11. 

Cross No. 4. This is between Tj^es 12 and 22, and the F^ is heterozygous for 
B, E, K and Zj, the other factors being homozygous as follows : — 

BbOCDDEePFKkNNttZiZiZ2®2HHRRPPIIGGMMxx 

In petal-colour we are dealing with a segregation of B, E and K and should expect 
that the F^ would have a blue petal and in Fg we should expect ; — 

27 BEK 9BEk 9 bEK 3 beE 

9BeE 3 Bek 3 bEk 1 bek 

36 bine like i’j 12 blue like type 12 white like 4 white 

22 Type 12 

The distinctive feature of Type 22 is its pale blue colour and the very light tint 
in the lower half of the petal, due to the absence of K, In the Fg population in the 
blue phenotypes the genotypes which lack E appeax like Type 22 w^hether E is present 


GX 

9 



3 white 
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or absent, the variation in the intensity of the blue colour due to the presence or ab- 
sence of E being less marked than the restrictive effect of k. Similarly those blue 
phenotypes which possess K appear hke the and the effect of the segiegation 
of B cannot with certainty be distinguished. 

Since both parents are homozygous for D and H, the occurrence of blue colour in 
the anthers is determined by the segregation of B and we actually observe that 
anthers are blue in all flowers with petals “ blue like ” or like Type 22. 

In the case of filaments we observe that Fj has blue filaments and that in F 2 
there is a 3 : 1 ratio of blue to white in the phenotype with petals blue “ like F^ ” 
and that filaments are white in all other phenotypes. The factors B, 0, K and Zj 
and either E or F are necessary for blue colour in the filaments and of these both 
parents are homozygous for C and F. The segregation of B, K and Zj should give a 
ratio of 27 blue to 37 white in the whole cross with a ratio of 3 blue to 1 white in the 
phenotype which contains B and K, i.e., petals blue “ like Fj”. 

27 ZjBK ■ 9ziBE. 9 Z,Bk 9 Z,bK 8 ZjBk 8 Zjbk SzibK 


Blue filaments White filaments 

r J L _ _ _ ^ 

V ^ ✓ — Y 

Blue like petals Whit© petals 

This result is closely realized. 

Both parents are homozygous for C, F and E, hence the occurreiice of blue 
colour in the style will be determined by the presence of B and K ; that is, all flowers 
with petals blue like ” should have blue styles and this is actually observed. 

Since I is homozygous in both parents there should be no pui.*ple colour in any 
stigmas in this cross : this is realized. Similarly, since both parents a^re liomozygous 
for D, G, M and x there is no segregation of seed-colour. 

Cross No. 5. This cross is between Type 121 and Tj-pe 1 and the F^ is heterozy- 
gous for D, F, I and G and homozygous for all other factors as follows : — 


i zjbk 
; 




BBCGDdElFfKKJmttZiZiZ.ZaHHBRPPliGgM^ 

As regards petal-colour we are dealing with a segregation of D and F and should 
expect that the Fj would have a blue petal and that in Fg a dihybrid segregation of 

9 m 3 Df 3 dF I df 

Bln© Lilac White like Type 1 Fink 

would result This is closely- realized in Fg and Fg, and a cross iietwveii t!ie lunv 
phenotype, pink, and Type 1 resulted in an F^ like Type 1 and a ratio of d Type 1 to 
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1 pink in Fg, clearly establishing a monohybrid difference between pink and Tyne 1 
This cross, of course, is - 1 , 1 - 


FPxff 



Type 1 Pink 


Since both parents are homozygous for B and H, the colour of anthers should be 
determined by the segregation of D and should give blue anthers in phenotypes with 
blue or lilac petals ; this is realized. 

Both parents have blue filaments and are homozygous for B, C, E, K and 
and Zo ; there is, therefore, no segregation in filament-colour in this cross. Since 
also, in addition to the above, E is homozygous throughout the cross, all styles are 
blue. ^ 

Type 1 has a pink stigma since B and P are present and D is absent. Type 121 
has a white stigma since in addition to P, it also carries I. The has a white stigma 
and the cross is 


P P I i D d white stigma 


+ 

-4- 

1 

-f 


h 

+ 

1 

PIB 

J 

PiD 

1 


p; 

:d 

[ 

pia 

9 

I 

3 


2 

1 ;■ 

\ 

1 

1 

White 

Purple 


White 

White 


This gives a ratio of 3 purple to 13 white in the whole cross and actually we observ- 
ed :■ — ' 

“ Purple White 

Observed . . . . . . ; 56 258 =.314 

Expected . , . . . . . 53.95 255*05 =314 

’with all the purple stigmas in phenotypes with blue or lilac petals, which contain D, 
In phenotypes with blue or lilac petals -we should expect the segregation of I to give a 
ratio of 3 white stigma to 1 purple stigma as is actually observed. 
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As regards seed-colour in this cross, the lias hrowii seeds and is GgDdMMxx^ 
we have, therefore, a segregation of G and D in the presence of M and x. This is the 
same as the cross of Type 12 and Type 1 and a comparison of the two CTOsses shows 
that the same result is realized, all the brown and fawn seeds occuiTing in phenotypes 
with blue or lilac petals and all the grey and yellow seeds occurring in phenotypes 
with petals white like Type 1 ” or pink. 

Cross No, 6, The cross is between Types 121 and 8 and the E^ is heterozygous 
for E, Zg, P, I and G, and homozygous for all other factors as follows 


BBCCDDEEmKNNttZi^iZgZgHHRRPpIiGgMMxx 

In petal-colour the segregation of F should give a blue Ej and a ratio of 3 blue : 

I lilac in F^ as is exactly realized. 

Since both parents are homozygous for B, 0, D, E, K, H, R and we should 
expect all anthers, styles and filaments to be blue in this cross and this is actually the 
case. 

In stigma-colour we should expect the action oi P and I to give a white stigma in 
El and a ratio of 3 purple to 13 wliite in Eg. This is fairly closely realized and is 
supported by the evidence of Eg. As regards stigma-colour this cross is exactly the 
same as that between Tjpes 12 and 8, with the exception that, since Types 121 and 8 
are both homozygous for B and D, the purple stigmas are not restricted to any one 
petal phenotype. 

In seed-colonr we have a segregation of G in the presence of D, M and x as in cross 
No. 2 and the result is exactly the same. 

Gross No. 7, The cross is between Types 121 and 11, and the E^^ is heterozygous 
for Nif T, Zg, I, G and X, all other factors being homozygous as follows : — 

BBOOBDEEffKKHnmiZjZaZgHHRRPPIiGgMMXx 

As regards petal-colour the segregation of the reduction factor N should give an 
Fj resembling Type 121 and an Eg in which the Type 121 petal is domiimnl' to iho 
Type 11 petal on a 3 : 1 ratio. This is actually found. 

Both parents being homozygous for B, D, C, E, K, Zj, H and R, the anthers, 
filaments and styles are blue throughout the cross. In the case of filanieiits the 
segregation of the restriction factor T should give an Eg population with the T\'|»e 

II type of filament dominant on a 3 : 1 ratio ; this is realized. 

In stigma-colour the segregation of I should result in white stigmas in ami in 
white stigmas being dominant to purple in E^ on a 3 ; 1 ratio ; observed friajiumcit^s 
agree with this. Linkage between purple colour in the stigma and deep lilatj 
Type 11) in the petal is suggested by the fact that in Eg these clniracters occur in the* 
parental combinations with a greater frequency than would be expected on a b : 3 : : 1 

ratio. The linkage is between factors N and I and the formula of the h-’ rrg-irtis 
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tlie heterozygous factors for colour in petal and stigma, may then be written Nnli 
giving gametes : — 

HI N i n I n I 

Petal Type 121 and Petal Type 121 stigma Petal Type 11 stigma Petal Type II and 
stigma wliite purple Mke Type 11 white like Type 121 stigma purple like Type II 

For a cross-over value of 14 per cent, these gametes will be produced by the Fj 
plant in the approximate proportions — 

6Nl! lNi:lnIs6ni 

A liack-cross between the Fj plant and Type 11 gave the following frequencies 

Petal Type 121, Petal Type 121, Petal Type 11, Petal Type 11, 

Stigma white Stigma purple Stigma white Stigma purple 

21 4 5 32 

The parental types are roughly six times as numerous as the other two phenotypes 
(i.e,, 63 : 9), if there were no linkage all four phenotypes would occur in equal numbers. 

The factors G and X are heterozygous in this cross and we should expect a segre- 
gation of brown, dark fawn, and light fawn colour in the seed in Fg as in cross No. 3. 
Moreover, this segregation should be independent in each phenotype for petal colour. 
Actually while the proportion of brown seed to fawn agrees with a 3 : 1 ratio in the 
whole cross we find that this ratio is not realized in each petal phenotype ; brown 
seeds are in excess with the petal phenotype like Type 121 and fawn seeds are in 
excess with the Type 11 phenotype. In other words, the parental combinations are 
more numerous than they should be on independent segregation and there is linkage 
between N and G. The cross-over value in this case is 16 per cent. 

When once the linkage between the petal-colour factor (N) and the stigma-colour 
factor (I) and that between the petal-colour factor (N) and the seed-colour factor (G) 
was established, it was natural to expect a linkage between stigma-colour and seed- 
colour as well, which was not noticed till then. On looking to the records we actually 
found that there is also a linkage between stigma-colour and seed-colour, i.e., between 
factors G and I. 

The next question arises as to the location of the factors on the chromosome. 
On the basis of the linear arrangement of factors as established bj^ Morgan and bis 
colleagues, we expect that the factors G and I should either be very close to one 
another (le., they should give a much lower cross-over value than that given by N 
and I or N and G) or fairly wide apart (i.c., the cross-over value for this should nearly 
be equal to the sum of the cross-over values obtained for the N and ] linkage and N 
pnd G linkage). 
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This is again realized fairly closely and we actually find that the cross-over value 
for G and I is about 9 per cent., f e., much less than was obtained for G and or anc 
I. This value of 9 per cent, is, however, much more than what should be especte 
considering the small difierence between the cross-oyer values for lN-1 an ^ - ■ 

But this deviation may be accounted for when we consider that one or the c arac eis 
that we are dealing wdth (le., intensity of petal colour) is a somewhat fliictuatmg 
character ; a few of the individuals placed in the light petal class may actually belong 
to dark petal class and vice versd. Even slight errors in the classification of pheno- 
tj-pes in Ej would have appreciable eft’ect in working out the linkage relationships. 
We may further note that the total population ot the cross under consideration is no 
quite enough lor working out definite cross-over values. In such a study a 
of even 6,000 is not too much, while our population is confined to only 352. We may 
not be very wrong in assuming that the 15 per cent, cross-over value for the hnkage 
between N and G may actually vary from 15 to 20 per cent, and the 14 per cent, or 
N and I may vary from 10 to 15 per cent, while the 9 per cent, for G and I may vary 
from 5 to 10 per cent. These values would then establish the respective position o 
these three factors on the same chromosome as depicted below : 


1 1 
i 

i 



— — 

a ] 

[ n 


V 


Cross No. 8. The cross is between Types 121 and 22, and the is heterozyj’gous 
for E, F, K, and Zg and has the formula - 


• . BBCODDleKKMNttZiZiZaZaHHRBPPnGGJMMxs 

The result of the segregation of E, F and K wdll be : — 


27BPK . . . . 

. Blue like Fj. 

9oFK . . . . 

. , . Blue like F^ but ligliter. 

SEPk . . 

. Blue like Type 22 but deeper. 

SBfK . . . 

. Lilac like Type 121, 

3eFk . 

; . Blue like Type 22. 

3efK . .' . . 

. Bale lilac. 

3Efk . . . 

. Lilac limited. 

lefk ... . 

. Pale lilac limited. 
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It has already been mentioned that the %’'ariation of the intensity of colour in the 
petal with the time of observation and the intensity oi sunlight is such as to obscure 
the result of the segregation of E and the phenotypes observed probably consist of 
the following genotypes : — 


Bloe like F| 

Lilac like Type 121 

Pale blue like Type 22 

Pale liiao 

27 EFK 

9 EfK 

3 EFk 

3Efk 

9eFK 


9eFk 

fS efK 




1 elk 


36 z 9 s 19 


Comparing this with the results of cross No. 4 between Types 12 and 22, we see that 
the difliGulty here is that the phenotype w'hich resembles the Type 22 is difficult to 
distinguish from those lilac genotypes which lack either K or E and hence are not of 
the T 3 'pe 121 genotype. This is due to the fact that pale lilac and pale blue appear 
very similar especially when both have faded slightly, whereas in Cross No. 4 there was 
no danger of confusing the white phenotype, resembling Type 12, with that resembling 
Type 22. On the ratio 36 : 9 : 19 a much closer fit between expectation and obser- 
vation is realized than with the 9:3:4 ratio, page 26) ; — 


Blue like Lilac like Blue Hke Pale lilac 
Fj Type 121 Ty^e22 


Observed 

• 

• 

• 211 

63 

121 

=395 

Expected 

• 

• 

222*2 

56*55 

117*26 

=395*01 

Observed 

« 

« 

X2= 1*666 
95 

29 

51 

=176 

Expected 

A 

• 

98*44 

24*61 

51*95 

= 175 


X® is less than 1 and the fit is excellent. 

The fit is fairly close. The phenotype '' eFK ” appears blue on account oi the 
presence of K which acts both as an intensifier and a distributor of colour, while 
EFk ” will be classed as '' pale blue ’’ as the restriction of colour to the upper half 
oi the petals is more remarkable than the intensity of the colour which varies coii- 
siderably with the age of the flower and the time of the day. Moreover, in the 
absence of K, on our theory, the intensity of colour is also reduced. 

The phenotype efK is classed as pale lilac because K is funetioniess as an intensifier 
when both E and F are absent. 

The Fg observations agree with this segregation of 36 : 9 : 19 iairly closely and the 
greatest support to this is obtained from F^ segregations where amongst the cultures . 
with blue flowers in F,, a high proportion of cultures segregating like Fg and those 
segregating into blue and pale blue is in absolute contoriraty with this S'jgregatiou, 
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while it devianes appreciably from an ordinary dibybrid segi*egation as would appear 
from tlie statement given below : — 







FjaEQUEXCIES 

Segregation 



Observed 

Expected on 

9 : 3 : 3 : 1 

Expected on 

36 : 9 : 19 

Pure blue 

• 

. 

. 

0 

0-78 

0*78 

Blue : 1 lilac 

. 

* 

• 

1 

i-56 

0‘78 

3 Blue : 1 pal© blue . 

• 

• 

• 

2 

1*56 

1*56' 

Like Fa 

• 

• 


4 

3*10 

3*88 


I, 



It is a pity the Fg cultures were so few in this cross, otherwise we might have got 
more definite results. 

A word about the summing up of the last two classes, i.e., pale blue and pale 
lilac. The two phenotypes with palej)lue colour are not easily distinguishable from 
the 3 phenotypes with pale lilac colour. In Fjj^we attempted to classify them but 
the difierences were so minute that we have combined the two classes into one for all 
practical purposes. This confusion is most probably due to the variable development 
of colour ill different degrees of sunlight and in particular to the changes which take 
place the longer a flower has been open. Flowers open at about 9 a.m. and on a 
sunny day by noon the colour has faded very much in blue and lilac petals ; Type 22 
m particular tends to become almost white with a lilac tinge rather than a blue tinge. 
For this reason the attempt to separate Type 22 from the recessive was abandoned. 

It may further be noted here that the frecpiencies sliow a slight excess of lilac 
and corresponding deficiency of blues. Probably some of the blues were wrongly 
diagnosed as lilacs. Such mistakes are quite liable to occur w^hen hundreds of plants 
have to be examined at a stretch. Actually the lilac flax is nothing but a blue with 
some additional “ pink ’’ in it. 

Since both, parents are homozygous for B, D, and H w^e should expect blue aiitliers 
throughout the cross and this is realized. Both parents are homozygous for B and C 
and colour in the filaments will be determined by the segregation of E, F, K, Zj and 
Zg. Since K and either E or F are necessary for colour in the filament, blue filaments 
will only occur in phenotypes with petals blue like Fj or lilac, and we siioiild 
obtain from the segregation of and Zj in these pheiiotyj 3 es :~ 


Zjz, 



3 

3 

1' 

V*" 

J 


15 blue filaments 

• 

1 wblfce filameati 


—a result which is reabzed. 
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Botli parents are homozygous for B, C and E and we should expect blue styles to 
occur in those genotypes which contain K and either E or E. This is realized and 
blue styles are present in all plants with petals “ blue like ” or lilac. 

Both parents being homozygous for I we should not obtain purple stigmas in this 
cross and they are not observed. Similarly G, M, x and D being homozygous, all the 
seed in the cross should be brown, as is found. 

Cross No. 9. The cross is between Types 121 and 12, and the is heterozygous 
for B, F and Zg and has the formula — 

BbCCDDEEKKKNNttZiZiZ^z^HHBEPPnGGMMxx; 

In petal-colour we should expect Ej to be blue and Eg to show :■ — 

BE Bf bE 

9 3 3 

Blue like Ej Lilac like Type 121 White like Type 12 

V ^ 

9 3 4 

This result is realized in Eg and in Eg 

Since both parents are homozygous for C, D, E, K, Z^, H and E we should 
expect colour in anthers, filaments and style to be determined by the segregation of 
B, a result which is actually observed, blue colour in these organs being present in 
all plants with blue and lilac petals. 

Since I is homozygous, all stigmas in this cross should be white, and since G, 
M, X and D are homozygous, all seeds should be brown. The observations agree 
with this theory. 

Cross No. 10. The cross is between Types 1 and 11, and the E^ is heterozygous 
for D, E, N, T, Zg and X and has the formula 

BBCCDdEEEfKKNnTtZjZiZsZjHHERl’PiiggMMXx. 

In petal-colour we should expect the Ej to be blue and in Eg 


27 Dm 

0 Dm 

9 dPJST 

3 dfN 

9 DDn 

3 Dfn 

3 dFn 

l|dfif 

30 blue 

12 lilac 

12 like 

Type 1 

4 pink 


In each phenotype the segregation of FT should give two grades of colour. This 
was not distingusihed at the time in blue and lilac phenotypes but two grades of 
pink were seen. A 9 : 3 : 3 : 1 ratio was realized in Eg. This cross resembies cross 
No. 6 and gives pink as the double recessive. 

Both parents are homozygous for B and H, therefore anthers should be blue 
in El and in Eg the occurrence of blue colour in anthers will be determined by the 
segregation of D ; this is realized, all plants with blue or lilac petals having blue 
anthers. 


bf 

1 

White 
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Filaments are blue throughout the cross since B, C, Fj, K, and are homo- 
zygous. The fact that is heterozygous in F^ does not have any result, as Zj, 
by itself, is sufficient to produce colour in filaments. The segregation of T should 
make the Type 11 type of filament dominant and this is observed. Since both 
parents are also homozygous for R and K, styles are blue throughout the cross. 

Both parents are homozygous for P and i ; the stigma should therefore be purple 
in Fj and purple in those phenotypes with blue or lilac petals which contain D. 
This is realized in Fg. 

Type 1 has bold yellow seed and Type 11 bold dark fawn. The cross is 

ddggMMxx , X .DDggMMXX 

and we are dealing with a segregation of D and X in the presence of g and M. This 
should give in Fj 

Petals blue or lilac Petals Type 1 or pink 


dark fawn fawn dark yellow yellow 

witli all the fawn seed in the phenotypes with blue or lilac petals and all the yellow 
seed in phenotypes with petals like Type 1 or pink. In the whole cross the ratio 
of all plants with fawn seed to all plants with yellow seed should be 3 : 1. This is 
realized in but considering the frequencies for seed-colour in each petal pheno- 
type separately there is a wide departure from the theoretical 3 : 1 ratio. Com- 
bining the frequencies for petal-colour and seed-colour we note that the dark grade 
of seed-colour is in great excess in the phenotypes with blue or lilac petals and the 
light grade is in excess in phenotypes with petals like Type 1 or pink. The plants 
with blue or lilac petals are of course in a 3 ; 1 ratio to the total of those with Type 1 
or pink petals. There is, we infer, linkage between D and X and the cross-over 
value is calculated at about 18 per cent. 

Cross No, 11. The cross is between Types 1 and 22, and the F| is heterozygous 
for D, E, K, Zf, Z„, I and G and has the formula : — 


BBCGBdEeFMvkOTttZiZ.Zs^oHHRBPPIiGgMMxx, 
The. Fj, has a blue petal and in F^ we expect 


nmK 


36 


12 


12 


4 
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a ratio wMch is realized. As in tlie previous crosses witli Type 22 the segregation of 
K, in combination with the other factors, is decisive in determining the frequency 

of the Type 22 phenotype. . . . ' 

Both parents are homozygous for H and B and, therefore, the distribution of blue 
colour in the anther is determined by the segregation of D, and we actually find 
in F, that blue anthers are present in all plants with petals “ blue like Fj, ” or blue 

like Type 22, ^ 

In the case of filaments Type 1 is homozygous for B, 0, B, F, K, Zj and Z^, while 
Type 22 contains only B, C and F. Since F is homozygous in both parents we can 
disregard E and have only to consider the segregation of Zj and Zg in the presence 
of B 0 and F and K. This means that blue filaments can only occur in phenotypes 
with petals “ blue like Fj ” or “ white like Type 1”, and that blue filaments will 
be dominant in these phenotypes on a 16 ; 1 ratio. 



16 blue 1 white 


This has been realized in the phenotype with petals “ blue like Fj the non- 
occurrence of white filaments in the phenotype “ white like Type 1 ” is not a serious 
discrepancy as the population in this class is small and we expect only 2-8 plants 
with white filaments in this class. 

Since both parents are homozygous for B, C, F and E, the occurrence of blue 
styles will be determined by the segregation of K and we should expect blue styles 
in all plants with petals blue like F or white like Type 1 . This is actually found. 

In stigma-colour we are dealing with a segregation of I and D in the presence 
of P as in^’Cross No. 5. This should give a ratio of 1 purple to 3 white stigmas in 
the phenotype with petals “ blue like Fj ” and a ratio of 3 : 13 in the whole cross, 

as is realized. _ . at >. xitr 

Seed-colour is determined by the segregation of D and G as in Cross No. 6. We 

should expect the same result and this is realized. 

Cross No. 12. The cross is between Types 1 and 124. Type 124 arose in a 
culture of Type 12 and differs from it only in possessing yellow seed. The Fj is 
heterozygous for B, D, Zg, G and M and has the formula 


BbCCDdEEFFKKNNttZiZiZjZaHHEEPPiiggMmxx. 

In petal-colour the inheritance is the same as in the cross of Type 12 and Type 1. 
There is the same deficiency of the white double recessive. Some hght is thrown 
on this by a cross between the F^ of this cross and Type 12. The gamete of Type 12 
is bD and the gametes of the F^ of Tjpe 1 X Type 124 are BD, Bd, bD, and bd. 
The results of the cross should be the production of the 4 zygotes 

BDbD BdbD bDbD bdbD 

Blue Blue White White 


I 
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ia equal numbers. Actually instead of equal numbers of plants witb blue and 
plants with, white petals we obtained a population of 41 blues and 19 whites. The 
deficiency in the whites should be considered in relation to the deficiency of the 
double recessive ^‘bdbd’’in the cross Type 1 X Type 124 and in the cross 
Type 1 X Type 12. It is suggested that the gamete bd ’’ in the of 

both these crosses is less viable than the other gametes and produces a 
living isygote less frequently than the other combinations. The deficiency of 
the whites in the cross between Type 12 and the of Type 1 X Type 124 would, 
in this case, be due to a deficiency of the zygote “ bdbD If, however, we attri- 
bute the deficiency in the white-flowered plants entirely to the zygote bdbD ’ 
all the burden of the discrepancy is thrown on the gamete '' bd ” of Fj^. This point 
of view should lead to a serious distortion of the frequencies in Fg ; a result which 
has not been observed. The fact that both in Cross No. 1 and Cross No. 12 in 
Fg the Type 12 phenotyq)e is not in defect does not suggest any' lethal action in 
the combination bdbD ’’ ; on the other hand, the low frequency of the segrega- 
tion Blue : Type 12 in the F^ of Cross No. 1 does suggest that the xygote '' BDbD '' 
is in defect in Fg and that this is due to some defect in the gamete bD ’b Possibly 
both the gametes “ bD ’’ and bd ’’ tend to form non- viable zygotes, this tendency 
being more marked in the combination bd The Fj was also crossed with 
Type 8, the gamete of which is BD ’’ and the resulting progeny consisted of plants 
all of wliich had blue petals — this is in accordance with expectation. 

The inheritance of colour in anthers, filaments and styles is, of course, the same 
as in Cross No. 1. 

Both parents have a white stigma since although each is homozygous for i and 
P both lack one of the other factors, B or D, for stigma-colour. The F^, however, 
which receives both B and D has a purple stigma and stigmas are purple in Fg in 
the phenotype with blue petals. We infer that Type 124 has lost the factor I, 
and, therefore, both parents are homozygous for i, and the stigma is purple in Fj 
and in the blue petal phenotypes of Fg owing to the presence of B, D and P. In 
the whole cross, therefore, we have purple stigmas 123, •white stigmas 82, which 
approximates to a 9 : 7 ratio. 

The seed of Type 124 is yellow and from the results of this cross we infer that 
Type 124 differs from Type 12 in having lost the factors G and M. The cross be- 
tween Type 1 and Type 124 is, therefore, 

Type 1 Type 124 

dgMx X Dgmx 

and the Fj is DdggMmxx. 

The segregation of D and M should give in Fg a ratio of 9 fawn to 7 vAU^w in 
the whole cross and a ratio of 3 fawn : 1 yellow in those p]ienotyp(\s, blun and 
Type 124 which contain D. Phenotypes which lack D, Type 1 and the noiicriinped, 
will have all seed yellow. This is realized. 
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¥« Discussion of Results* 

According to Tammes, the colour of the petal depends upon the interaction 
of eight hereditary factors — A, ^ Three of these, factors 

Bj^s Bg and C are basal factors for colour and must be present if any colour is to 
occur^ two factors, D and F, influence the tint of the colour, and two others, A and 
E, determine its intensity, while a factor K controls the distribution of the colour 
ill the petal. To these eight factorSj on the evidence of the crosses described in 
this paper a ninth factor N, which reduces the intensity of the colour must be added, 
nor does it appear necessary to postulate three basal factors, according to our 
evidence two, B and 0, are sufficient. The intensification factor A also appears 
to be unnecessary. It is quite probable that what Tammes calls intensification 
factor '' A ” is really the reduction factor N Tammes possibly tried to classify 
the lightest blues and lilacs in contrast to the rest, thus giving a ratio of 3 dark 
blues or purple : 1 light blue or purple but our evidence shows definitely that the 
dark petal coloiu' is recessive to the light giving a ratio of 1 : 3 : : dark : light. On 
this evidence we have put a reduction factor ‘‘ N" ’’ which reduces the dark tinge 
to light. So far as the petal-colour is concerned, our theory does not differ mate- 
rially from that of Tammes. The main difference is in the action of the factor 
'' D ’’ which produces in the presence of E a faint blue tinge in the petal even when 
one of the fundamental factors B ’’ is absent (see Type 12). It appears, there- 
fore, somewhat of a misnomer to term B and 0 basal factors for colour, when in 
the absence of one a faint blue tinge is produced. We may consider them as basal 
factors for pink colour ’’ which in turn is essential for full development of blue 
and purple colour in the petal, but a faint blue tinge can be produced even in the 
absence of one of them. On the evidence of the cross No. 8 (Types 1 x 22) we 
have slightly modified the function of the factor K ”, which appears to be not 
only distributing the colour all over the petal evenly, but also intensifying the 
colour to some extent in the presence of E or F. In case both E and F are absent, 
K alone cannot intensify the colour. 

Considering the shape of the petal we have found considerable amount of varia- 
tion in this character from type to type, Type 1 has broad and large petals, 
while Type 11 has much narrower petals, so that it appears elongated in shape. 

In both these types and in most others the petals are smooth and open well, 
but in Type 12 and Type 124 (which is a mutant from Type 12) the petals do not 
open well and present a crimped appearance. While the inheritance of broad and 
narrow petals is probably determined by quantitative factors, the occurrence of 
this tjqpe of petal {Le., crimped) is dependent on the interaction of two or more 
qualitative factors which determine the petal colour as well and hence its study 
is of special interest. 

Our observations as regards the inheritance of crimped petals point to a different 
state of affairs from that investigated by Tammes, She considers that C ” causes 
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tte (ie%iatmg {i.e., crimped) shape but does ^We 

present or in the presence of D— a view which is no pp erned and the 

“r*: - 

action of D is ]ust tne levci&e crimned) shape, while we 

"H!£S=^i5s:;=a'=S‘:: 

the nature of the shape of petal is given below :— 


Cross No. 1 

.. 2 


12 X 1 

bCdJEF 

Non-crimped 

12 X 8 

bOBEF 

Crimped 

12 X 11 

bCBEf 


12 X 22 

bODeE 

Non-crimped 

12 X 121 

bCDEf 

Crimped 


fBCdE 1 


1 X 22 


Non-crimped 


[.BOdp J 



According to Tammes the recessives in the crosses Nos. 2 3 and 9 should be non- 
crimped fs D is present in them, whUe the recessive in cross No. _1 should be crimped 
as both B and D are absent in this but actuaUy we find just the reverse. 

From the above it is evident that the crimped petals occur only when C, D and 
E are aU present. ActuaUy we cannot make any one of absolutely responsib e 
for the pLuction of the crimped appearance. It may be the result 
action of all the 3 factors. Whenever any one of these three factors is absent we 
get iion-crimped petals. We agree with Tammes in the action of h, z.c., that^thc 
frimped petals do not occur when B is present irrespective of the presence oi absencj 
of all other factors, the evidence of Cross No. 11 on this point is conclusive. 

From the above consideration we conclude that the crimptd 
caused by the interaction of the factors C, D, and E only, ’^'^en B is absent. In 
the presence of B, or when any one of the 3 factors C, D and E is absent, we get 
non-crimped petals. 

The colour of the seed is according to Tammes determined by the inleniclion 
of a factor G with the factors B^ and D. Tammes states “ with re.spec-t to tks 
character it has also appeared that some of the factors are mvoiveil iviia-h also 
determine the colour of the flower. If the basal-factor G, necessary lor the 
formation of the colour of the seed, is present and likewise the factors B, and D, 
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tie seed skews one of the colonrs from a series of lisht-yellow dark-velW. 
brownish-yellow, yellowish-brown, dark brown to black-bro™ If the faoto, B 
is lackine the different colours also form a senes from light tf 
except in the light-yellow ones the tint is more or les* 8m™eh “ E ” >•»* 
Tai^d B, are lacking there also occurs a whole series of light to dark seed tj^s, 
whkih eieut the Hght-yellow ones, all show a more or less brown tint. This 
to™ tint, however, is distinguished from that of the rnentioned series by 
L being mote gteyiah-btown and never mahogany-or ruddy-town as occurs m 
ae olm. Yet especially in the types of average intensity it is sometimes v ry 
difficult to decide to which of the two groups a certain seed belongs . On the 
“ence of this paper we suggest a modification of thm theory of seed ^ 

our study shows more definite results. Wo distmgiiish four colours m the seed ■ 

brown, grey, fawn and yellow. 

We do not agree with Tammes in assuming that no colour m the seed coa is 
produced unless a basal factor 0 is present. As we have evdenoe »■> 

?n the absence of 0 we get a colour in seed coat, which we have ^fied fawn 
end tto this colour is pioduced by a factor M in presence of D. When e.aer of 
Sem m both are absent we get the basic yellow colour, which may really be the 
cotyledon colour seen through the transparent, colourless seed-coat, as augg^ 
bt Ta^es But it is more probable, especially on fte basis of the action of the 
Wenlficatim factor X (which turn, basic yellow to dark yellow), ttat a. basic 
Sr oTseed coat is yefiow, which is itself the result of the action of anotter 

*''°'ln ae presence of 0 alone, or even when M is present, ae seed colour is grey. 
If the petal colour factor “ D ” is also present, this grey is converted into brown. 

On our evidence we do not find the faoto, " E ” to inluence seed colom in ^y 
way Type 12 lacks the factor “ B ” but it possesses as brown • seed «s Type 121 

Tr Type 22 which rossess this factor. It may be that our factor B correspond. 

to the “ B, ” of Tammes. So far we, however, have no evidence to split the 

factor B into Bi and Ba. _ 

In addition to these factors we find that seed oolom m al» ‘Y 

anotber factor XwHch is linked with tbe flower colour factor D . The action ot 

factOT X is to produce a darker tinge in seed colour It probably acts in all the 
seercofour pLnotypes, but the dark and light grades are not easily classifiable 

except in fawn and yellow phenotypes. , , ^ u hu 4. 

Thns summarising the action of the factors mfiuenomg seed-colour wc Snd ‘l>n‘ 
the baTa™ur of 5ie seed-coat is yellow. It is transformed mto fawn if both 
Se Srs M and D are present, while if only one of tbm is present the co our 
the tactors ana / _ of an additional factor G this fawn colour 

still remains y^o . P ^ ^ ^ ^ presence of G the seed coat colour is 

I ;«1r absence of M. B.otor X only intonsifies the 
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lour. It« action is most pronounced in fawn and yellow pheno- 
process is diagrammatically illustrated below . 


D. Fawn 


I'). Brown 


y aetiiajly 
J observed 


-^Broww 


--^Grey 


-Yellow* 


Yebow' 


^Brown 


-Yellow- 


Yellow- 


Yeliow 


Finally it may be noted that since D is also a factor ior 
tribution of tbe various phenotypes of seed-colour among the 
colour affords a ready proof of the theory. We actually find 
fawn colour in the seed occurs, in all the crosses, only in phi 
tain the factor D. 

The inheritance of blue colour in the anther depends on tl 
H with the two factors B and D which determine petal-colour, 
same as that advanced by Tammes. 

As already pointed out in the introduction, we had gieat 
colour in filaments, style and stigma which has not so fai bee 
previous investigator. But inspite of all these difficulties w_( 
nnsLnlate a fairiv tangible theory that explains the segregati 
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iT)Bear to possess both these factors as their crosses with Type 22 show the 
stregation of filament colour as 16 blue : 1 white. On the other hand, the cross 
between Type 12 and Type 22 gives a definite 3 : 1 ratio of blue white filaments, 
thereby indicating that Type 12 possesses only one of these duplicate factors 

The factor T, which restricts the blue colour in the filaments to the distal end, 
occurs only in Type 11 ; aU other types are without it. . 

The style colour is apparently determmed by some of the factors that deter- 
mine petal colour, i.e., B, 0, K and either E or F as in the case of filaments If 
any one of the factors B, 0, and K is absent and if neither E or F is present the 
stvle-colour is white. But it is quite probable that there may be a separate factor 
for the development of colour in styles as well and that all the types considered in 
this paper are homozygous for that factor. On this assumption we have put a 
factor E which produces colour in style m presence of B, 0 and K with either E or 
F This factor is present in all the types under consideration. 

The stigma-colour is determined by a factor P which produces pink colour m 
stigma if the factors B and C are also present. If in addition to these three factors, 
D Is also present, the stigma-colour is purple as noticed in Type 11. This factor 
is present in aU our tj^es except Type 8. But the actaal segregation of sti^a- 
colour is not so simple as indicated above. There is still another factor I which 
is also involved in our crosses. It inhibits the development of colour in stigma 
thereby making it to appear white even when B, C, D and P are all present. 

It Wl be noticed in the formulae of the types that factor C is homozygous and 
nresent in all the types. This would suggest that this factor is unnecessary--we 
have however, retained it as we possess evidence from some other crosses, which 
are still under investigation, that some types with white petals do not possess , 
this factor. The same reason accounts for the presence of H and E m the 
homozygous condition in all the types investigated. 

VI* Summary and Conclusion, 

(1) The present study of inheritance of characters in linseed has estabhshed 
that the petal-colour in Indian types of linseed depends on the feteraotion of at 
least seven hereditary factors and this is in general m agreement with the investi- 
Itions of Tammes based on European types of Wd _ The mam difference 
consists in the action of the intensification factor A which accnrdmg to our 
evidence is either homozygous in all our types or is altogether absent m them. 
We have further evidence to postulate an additional factor ^ which reduces tlm 
intensitv of colour in petals. So far we have no evidence to split up the factoi B 
into B/and B, and it is also considered that D alone (m absence of B) can produce 

flint btae tinge in the petals, if E is present. _ s .r. 

In the stiidy of all other characters our theories differ materially from those 

put forward by Tammes, 
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(2) The. crimped petals as noted in 

interaction of three factors, na > these' three factors are present. In 

::”e " p-' " ” 

U Ta„m,e.. L oar evidence »';»«<”“ •>lnd°'x' T it “(tTw 

dent on font sepaiate ’ nce^ of’l), converts the fnnda- 

detetminee fi„,t-colont as welL M m J P«“““ 

C; i u n. to tttthe 'fundantental “ yelto ” 

^lilSSfato'co'nltmgyellov- into dark J*' 

dark fawn- Its action on grey and hrovn seed has not been noted 

(i) The inheritance of colour in anthers is determined hy the factors B am 
(,hil also detemnne petalK»lonr) in addition to another facte HJt.ssnffiesl.d 
by Tammes) for which all our types are homozygou . 

agree with Tammes. , P xu 

(5) In the case of the style also aU onr types appear to be 
facte or factors which detennine colons in tins organ and 

the colour in style is determined by the presence or absence of 

colour factors, L, B, C, K, and E or E. Styles are blue only m those genotjp 

that possess these factors. i ir 

(6) The inheritance of colour in filaments is dependent on several 
factors in addition to some of the petal colom factors. Thus the colour 
appears only when either of the dupHcate factors Zi and Zg are 

the petal colour factors B, C, K and E or E. x4part from he f ^ 

and Z„ an inhibitory factor T determines the extent_ of colour m it. In tit pit- 
sence of this factor the colour produced by Zp and Zg is limited to the dis a em o 
the filament as it occurs in Type 11. 

In connection with the study of inheritance of colour in filaments, styles and 
stigma, it may he noted here that crosses Nos. 1 to 8 were made from an ecommuc 
poL of view and hence they do not necessarily include the typos which may la 
most valuable for a complete genetic analysis of Indian linseed, lie hai'P !u\s- 
ever, established that the development of colour m these organs is dopmuieui ci 
definite mendelian factors, which act in conjunction with some of t u- ..a to:.' > i 
petal colour and that in certain tjiies the development oi colour i" iurthci . pe- 
trolled hy inhibitory factors. 
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rTI The colour in stigma is determined by a factor P which produces pink 
colour only when the factors B and C are present. If D is also present the stigma- 
colour is purple. An inhibitory factor “ I ”, whenever present, turns purple or 

AboVt^S new hybrid linseeds have been isolated from these crosses and the 
most promising types are being tested for yield and oil-content. 
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The average annual j^roduction of barley in the world during tliC) iieriod 1921 
to 1925 "was estimated at 173 million quarters of 400 lb. eacli. in tlris f|uantity 
Russia is the largest producer and is followed by the United States of America, 
while British India occupies the third place in the world’s jirodutlion [Duly, i9^2H] 
with an average of approximately 17 million quarters per aiiiiiirn. 

Barley is one of the main staple crops of India and occupies about 0*S per 
of the cultivated area ef this country. The total area under this crop go!au”i!ly 
.ranges between 7 to 8 million acres. In 1928-29 the area under barlc}^ in eacli 
province was reported^ to be as follows : — 


Supplement to the Indian Trade Journal, dated the Srd April 19S0, 

(58) 
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Proviiioe 


Acres 


Madras 
Bombay 
Bengal 

United Provinces . 

Punjab 
Burma 

Bibar and Orissa . 

Central Provinces and Berar 
Assam 

North-West Frontier Province 
Ajmer-Merwara and Manpiir Pargana 

Coorg . 

Delhi . . • . • 


Total 


2,974 
34,247 
, 81,700 
4,434,736 
1,339,969 

1,293,600 

17,479 

232,408 

61,652 

33,930 

7,632,695 


This shows that the United Provinces [Kama Piasada, 1929] alone contribute 
60 per cent, of the total produce of barley in India, and that these 
together with the Punjab and Bihar and Orissa, constitute the mam barley-grov 

'""^Tbe^Barily M^of Ind^ (Plate IV) is based on Agricultural Statistics for the 
five years ending 1918-19, and furnishes a fair- idea of the distribution of the 

The chief market for the surplus Indian barley is the United Kingdom, 

1924 India contributed 23 per cent, of its imports of this crop. The total exports 
for the last 10 years are reported to be as follows 

Export'S of Barley from India f 

Year 


1928-29 

1927-28 

1926-27 

192S-26 

1924-25 

1923-24 

1922-23 

1921-22 

1920-21 

1919-20 


t 

Total 

To 

British 

Empire 

Tons 

Tons 

137,847 

27,077 

71,628 

33,613 

■ 1,631 

399 

42,396 

20,461 

449,458 

218,466 

168,704 

97,502 

16,621 

10,098 

9,878 

347 

6,060 

353 

1,656 

182 


" Barley Map of ltoSalakcn from the Crop Atlas for India, pubUshcd by the Commercial Intelli- 

Trade of Brim Empire and Ecreign ConntHes. Vol. I, 
1919-20 to 1928-29, , „ o 
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Karachi (Plate IV) is said to be the xnain port for exporting barley and is 
responsible for about 93 per cent, of the total exports, while Bombay generally 

eeiicls out tlie remaining 7 per cent. 

Habitat. Barley occurs throiigliout tlie temperate and extra-tropical regions 
of the globcj and in India is met with from the plains to altitudes of 14,000 feet 
above the sea-level [Watt, 1908, 1]. 

History. Barley is amongst the most ancient of cultivated plants, but owing 
to the close resemblances between the difl’erent forms it cannot be said definitely 
which species are referred to in the early works on this crop. Dr. Bretsolineider 
[Watt, 1908, 1] says that barley was one of the five cereals sown by the Emperor 
Shen-nung of China about 2700 B.C. According to DeCandoite [1904] the 2- 
rowed barley was cultivated by Semitic and Turanian peoples, while the 6-rowed 
barley was the most commonly cultivated in antiquity. Not only is it mentioned 
by Greek authors, but it has also been found in Egyptian monuments and in the 
remains of the lake-dwellings of Switzerland (age of stone), of Italy and of Savoy 
(a.ge of bronze). Eoxburgh [1874] believes that the 6-rowed form was the only 
kind of barley grown in India at the end of the last century. The very fact of its 
being used in many Hindu ceremonies, and the antiquity of the Sanskrit name 
Yam, indicates that the grain was known to the Aryans since very ancient times. 
Tlie Ain-i-Ahban ^^BO shows that barley was considered to be one of the most 
important crops of Afghanistan and Kashmir during the reign of Akbar, and that 
a large part of the revenue of these countries was obtained from barley by exacting 
the usual two out of every ten Eherwars produced [Watt, 1908, 1]. 

Cultivation. Barley in India is a mU crop, sown in October or November and 
reaped in March or April. It is either sown alone or sown mixed with wheat, 
gram, peas, lentils, linseed, rape and mustard, the mixed crop being the more 
usual. This crop is principally grown on soils which are light and sandy, and, as a 
rule, not highly manured. As barley does not require its seed-bed so finely pul- 
verized as wheat, the number of ploughings before .sowing is from two to six. The 
seed rate runs from about 60 to 120 lb. per acre. Irrigation is not required in 
some parts of India where the annual rainfall is quite sufficient, such as the Tirhut 
Division .in Bihar and Orissa, and Meerut and Rohilkhand Divisions in the United 
Provinces of Agra and Oudh. Where necessary the crop is irrigated, but the 
irrigation is generally lighter than that for wheat and one or two waterings are 
held sufficient. Little weeding or topping is required and the total cost of growing 
an acre is estimated between Rs. 18 and Rs. 20. The average yield per acre 
ranges from 10 to 20 maunds. Better yields have been obtained in some improved 
types isolated at Pusa and described later in the course of this paper. The approxi- 
mate market price generally is from Rs. 3 to Rs. 4 per maund (82 lb.). 

Milling or Preparing. Watt [1908, 2] reports The process of cleaning barley 
for food purposes is generally carried out by pounding in wooden mortars and 
winnowing, of by beating with a flat board. The grain is then ground into coarse 
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meal from which alone, or mixed with the meal of wheat or gram, 
marlp and baked • or a gruel or pastv mass is made, to which salt is added and the 
mepar^t^ite; with^garlic, oLns or chillies. In either oi these forms it is a 
STarticle of food arSong the poorer classes. The grain, thus roughty cleaned 
and o-round is richer in albuminoids than the more carefully prepared cidinaij 
bly orE-ope ; but at the same time it is more dfficult to digest, and is thus 

partly unsuited for the dietary of dyspeptics or “vahds -orenaration of 

In various parts of India barley is now largely employed in the ° 

beer or spirituous liquor, and the use of barley in Europe for malting and bremn 
I ^11 known. Mollison gives an account of the qualities which give bailey 
specia value for these purposes. It is also largely used as a horse “^attl 
fodder In some parts of India the crop is cut two or three times -l^^n ‘imte 

young'without marked injury to the final yield of ^ain. 

Lrlev makes a fairly good fodder when cut up as bhusa, bid is inferior to u 

iatais f good feed both for horees aud cattle, ecther gtvet, alone or 

ma. [Watt, 1908, 2] “ The chemical composition of ordinary 

husked barley is given by Church as follows 


Water . 
Albuminoids 
Starcli 
i’at 

Fibre . 

Ash 


12*5 parts 
11*5 „ 

70*0 

1 - 3 ,, 

2 - 6 „ 

24 „ 

100-0 


, . 1 *1 , nnrl fVip nutrient value 84*5. In mediciney barley 

“htXt^tbT/mrtheV on^^ 

“nt."r:r:;.rtio head^o^^^^^^ 

X* :re;tgrt«“ of the! ear and the opm.ing,ge„eraUy 
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proceeds dowmvards, but uo definite arrangement seems to 

LhU «Tmws tlie r, umber of flowers that were observed to open pti daj i yi • 



1930 :— 



No, OF FLOWERS OPENED 

ON 

Plant No. 

1st day 

2nd day 

3rd day 

4tli day 

i 

9 

i ^ 9 

18 

10 

2 

8 

6 ' 

23 / 

7 

3 

5 

4 

27 

10 

Total 

22 

18 

68 

27 


It may be noted that the greatest number of flowers opened on the third day, 
and that the whole inflorescence completed its flowering in four days. _ 

In most of the 6 -rowed types the flowers begin to open when the ear is just 
above the flag leaf, but in the 2 -rowed types, studied here, the opening of the 
flowers begin even while the ear is enclosed within the sheath. This ensures se - 

fertilization of almost cent, per cent. i 4 . q .1 

Flowers generally begin to open on a normal bright day at about J a.m., and 
the flowering is over by 10-30 a.m. The filaments of the anthers elongate rapidly 
before the flowers begin to open and there is a slit formed between the lemma and 
the palea, the anthers dehisce and then hang out slightly. This, however, c eptncs 
upon weather conditions. During cloudy or rainy weather the anthers have been 
observed to burst after emerging out, and this probably accounts for the bad_set- 
ting which sometimes occurs if the weather continues to be bad for some days 
continuously. The slit forined is generally very small, due perhaps to tlie 
ness of the lemma. The lemma and the palea remain separate only for 10 to lo 
minutes when they again close up. In the 2-rowed barley the anthers burst out 
even before the slit is formed, while in Typo 24 the slit has not been seen to oim 
and the anthers burst and decompose within the flower itself. 

Natural OToss-fertilization, Only one case of natural crossing has been obseive 
in the Botanical Section so far. A natural cross between a 2 -rowed and a 6-rowed 
variety was observed in 1929-30 and is under observation. Howard and others 
[1910] have observed that A large number of pure line cultures of barley belong- 
ing to different varieties have been grown at Pusa, but no cases of natuial ciossing 
have so far been observed. Natural crossing, however, occurs sparingly in this 
crop as Eimpau [1891] found six cases in eight years.” 
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Chromosome Numbers. The haploid chromosome number in barley is generally 
reported to be seven. 

II. Isolation of pure types of barley. 

The country crop as usual is generally a noixture of various unit species and 
can be improved by selection as regards yielding capacity, standing power, disease 
resistance and time of maturity. In order to obtain some improved strains a 
collection of samples from important barley-growing districts was made by the 
Botanical Section at Pusa about ten years ago and has since been added to con- 
siderably. From this collection 24 unit species have been isoiarea ana some ot 
these have, proved very superior to the average mixed crop. The following table 
shows the locality from which the original seed of the selected types was obtaine . 


Table I. 


Type No. 


2 

3 

4 

5 

6 

8 

9 

10 

11 

12 *“ 

13 

14 =^ 

15 

16 
17 


Ctiitnre No. 


2-rowed-B 

2«rowed-C 

2-rowed-A 

2-rowed-D 

Nepal-1 

10-10 

24-6 

9-6 

21-1 

Beii-4 

Ferozepore 

22-2 

17-2 

20-7 

28-8 

19-2 

4-2 


Locality 


Selected from a stray plant 
in the Botanical Seotioop 
Pnsa. 


Ditto. 

Ditto, 

Aligarh . 
Nepal 
Khurja - 
Ajmer 
Hapnr . 
Cawnpnr 
Benares . 
Ferozepore. 
Arrah 
Bareilly . 
Hardoi . 
Larkana . 
Sitap-or . 
Ludhiana 


Province 


United Provinces 
Nepal State 
U. P. 

Eajputana 
U. P, 

U. P. 

U. P. 

Punjab 

Bihar and Orissa 
U. P. 

U. P. 

Sind 
U. P. 

Punjab 
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Type No. 

Culture No. 

Locality 

Province 

18 

5-6 

Saharanpur 



U. P. 

19 

18-3 

Gola GokaraB Nath 



U. P. 

20* 

23-10 

Patna 



Bihar and Orissa 

21* 

B-4 

Local 



Bihar and Orissa 

22 

16-8 

Agra 



U. P. 

28 

12-5 

Kosi 



U. P. 

24 

Bamdana 

Barbhanga 



Bihar and Orissa 

Mmim 
rejected 
in 19S0, 

C-1 

Local 



Bihar and Orissa 


14-1 

Kasganj . 



U. P. 


15-10 

Hathras , 



U. P. 


1-10 

Larkana . 



Sind 


S-1 

Local 



Bihar and Orissa 


S-2 

Local . 



Bihar and Orissa 


* High«yielding types. 


Ill* Descifiption and Scheme of Classificati©ii* 

DutMe and Fuller [1882] describe the barley plant as follows 
An annual herb belonging to the tribe Hm'deae of the natural order Grmmneae. 
Stems inanyj quite smooth, 2-3 ft. high. Leaves few, the upper one close to the 
spike ; sheath smooth, striate ; ligule very short ; blade of leaf linear lanceolate 
rounded at the base, tapering gradually to the apex, glaucous green. Spikes linear 
oblong, compressed, 2-2^ in. long (without the awns) ; spikelets sessile, arranged 
in threes on two sides of a flattened rachis, lateral ones occasionally barren and 
rudimentary (var. distichon) ; glumes 2, small, setaceous, and awn- like, enclosing 
the three spikelets; pales 2, lower one firm, 5-ribbed, rounded on the back and 
ending in a long stiff awn rough with forward prickles ; lower pale a little smaller 
than the upper, bifid, 2-veined, and with the margins inflexed. Lodicules 2, entire 
hairy. Stamens 3. exserted. Ovary hairy on the top. Stigmas 2, feathery. 
Fruit (the grain) usually with the pales adherent to it/’ 


Ot BARLEY IlSOLATED At BUSA 


61 ) 


Barley belongs to tlie genus Hordeum in the natural order Gmminae. Hackel 
divided this genus into three sub-genera and each sub-genus into species, all the 
cultivated barleys falling into one sub-species sativum. The genus Hordeum is 
distinguished among others of the grass family by the presence of one floret only 
in each spikelet. Wheat usually has three and oats two florets in each spikelet. 
The single-flowered spikelets are arranged in threes on alternate sides of the 
rachis. When all these are fertile, developing six vertical rows of grain the 
variety is known as a 6-rowed ba,rley. If the lateral spikelets are sterile and only 
the middle low is fertile the variety is known as a 2-rowed type. In India the 
commonly cultivated form is the 6-rowed barley. 

In his Memoir on barley, Wiggans [1921] has set out lucidly an account of the 
historical development of the classification of this crop. It will not be out of 
place, however, to give here a general survey oi it. 

Lmnaeus [1748] the great founder of Systematic Botany divided the cultivated 
barley into Hordeum liexasticlion, H. vtdgare, H. Zeocriton and //. distichon. He 
took into consideration the three taxonomic characters of fertility, density and 
the adherence of the flow" ering paleae to the kernel for his classification. Following 
Linnaeus, Gustav Schiibler separated Distichon into Nutans and Erectum] the 
separation being based upon the density of the panicle. Henze [1872] w"orking 
on a wdder material expanded the classification and his study might be called the 
forerunner of the very good work of Kornicke [1885]. This German scientist 
believ^ed that all the cultivated barleys belonged to Hordeum vulgare, L. and 
further divided this into four major groups as shown below : — 

All spikelets fertile Hordmm polystichum BolL 

All spikelets awned. 

Six-roved barley, tiie spikes with 6 similar row^s . . ^ H, Mexasticlmm,, L. 

Four-rowed barley, two opposite rows formed by overlapping of 

2 spikelets .. ® ...... jff, Tetrastichum Kcke. 

Only the middle spikelets aw ned. Middle barley . . , H, Intermedium Kcke. 

Only the middle spikelets fertile. 

Ti?o-rowed barley ........ jH*. Distichumt L. 

He divided these four primary groups into a number of species and described 
103 sorts, the characters given the most w^eight being the adherence of the lemma 
and palea to the caryopsis, shape of outer glume, colour and shape of graiu, shape 
of the spike, roughness or smoothness of grain and the character of the rachis. 
Kornicke’s classification was for a long time considered the standard one. Voss 
[1885] using only the fertility of the lateral spikelets formed species and his 
varieties w^ere separated from a consideration of the shape of spike, arrangement 
of row^s of spikelets and their colour ; this was simpler but has not the merit of 
clearness. 

Alterberg [1889] laid the foundation of the Swedish system of classification 
wdiich was improved upon by Noergaard [1889] and perfected by Bolin [1893], 
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Tl,c a^notion of vorieUes w.a W upon tie f.Wy *bl= h.iry oiarncte of tie 

I'Tfiiill'' lodicules and the lateral nerves of the g-ume. ^ -n ,■ 

iti^rEngish botanist who presented a comprehensive^ classto^ 
l-olev waa 'Eeaven [1902], He based his system mainly upon that of Komic 
iiS ll ir=;®erio. to that of the lattes a., he distinguished sub-species in the two- 

"“ibe B™ scientist Eegel [1906-10] based his minor groups upon ecological 
faclm an^gnised only H,o densities and considered blue and purple as forms 

iflVlVSin'l^Tbrought out his paper “ The IdentiScation of Yarieties 
of Barley ". The kief meriS of this wort are clearness and plasticity 01 

nomenclature. His key to the species is 


Key to the Sjpecies. 

All spikelets fertUe (G-rowed barley). 

Lemmas of aU florets awned or flooded 

Lemmas of lateral florets bearing neither awns nor hoods . 

Only the central spikeiets fertile (2-rowed). 

Lateral spikelets consisting of outer glumes, lemma palet, racflilla 
and usually rudiments of the sexual organs • • • • 

Lateral spikelets reduced, usually to only the outer glumes and 
rachOla, rarely more than one flowering glume present, and 
never rudiments of sexual organs 


mlgarSf L. 

intermediums Kcke. 

distichous L. 


Steud. 


IICVCA 1 V* cs 

These four species of barley are divided into 32 varieties by Harlan who con- 
siders that these constitute the major variations in this crop. These varieties ai 
further sub-divided into a number of sub-varieties. This system of classification 

advocated by Harlan may be considered ideal for barley. 

The following table taken from Wiggans [1921] gives in a concise form the 
importance given to each main character by different w'orkers . 



Rough or smooth j ,, 3. Colour of kernel 
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The barley plant, as a member of the grass family, naturally bears a stron 

resemblance to the other members of this group snob as 
very early stage of its development, however, barley can readily be distinguished 

« .t T /-v-f +T 1 A lin-sTio cj-nrl Q.nTifilp.s. Tliesc diasnostic 


by its habit of growth and the character of the ligule and auricles 
characters are brought out in the following Table . 


Table II. 


Character 

Oats 

Wheat 

i 

Barley 

1, Early habit . 

Erect or semi-erect 

Semi-erect . 

Erect with leaves usually 
curled on themselves. 

2, Ligule , 

Well developed and has a 
number of small teeth. 

Developed, but more or 
less blunt. 

Developed but blunt. 

S. Auricles 

Absent 

Developed and hairy 

Well developed but gla- 
brous. 


Fig. 1 shows the diferences that are found in the ligule and auricles in these 
tluee cereals. 



Mg, I. Showing the conditioii of ligule and auricles in the leaf of 1 Barley, 2^ Wheat and 3— -Oats, 
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Tlie cultivated barley in India is generally the hulled O-rowed form. Rarely 
the 6-rowed hiilless form, such as the Pusa Ramdana variety (Type 24), is grown in 
some parts of India, but, as the average yield is rather less, it is never grown on a 
large scale ; 2-rowed barleys both hulled and hulless are grown to a very little extent. 

Before a detailed classification of any crop can be attempted a thorough know- 
ledge of its important characters must be made. In isolating the 24 types of barley 
from a large collection of material it w^as observed that these characters could be 
broadly divided into : — 

(а) Morphological, 

and 

(б) Agricultural. 


(a) Morphological Characters. 

This group of characters is mostly confined to the morphology of the floral parts 
and they are more or less constant. 

1. Fertility. As can be seen from the key to the species mentioned before there 
are four degrees of fertility, two in the 6-rowed and two in the 2-rowed forms. These 
are based upon the nature of the lateral spikelets, the central spikelet being always 
fertile in all cases. In the 6-rowed barley the lateral as well as the central spikelets 
are all fertile and may be either awmed or hooded or may even be without any appen- 
dages. In the 2-rowed barley the lateral spikelets generally contain all the glumes, 
palese and lodiciiles but tlie sexual parts are either sterile or abortive. In the defi- 
dens group of the 2-rowed barley the laterals contain rudimentary sexual parts or 
are so reduced as to present only the outer glumes. Because of the stability of 
these characters and their easy recognition, they have been used by all writers as 
taxonomic characters of the first magnitude. 

2. Characters of the hull. After fertility the character of the hull assumes im- 
portance and forms a very wide basis for classification. The flowering glume and the 
palese in most varieties fuse with the kernel forming what are called the hulled bar- 
leys. The hulless or the ' naked ’ barleys, on the other hand, husk out easily and 
in that condition resemble grains of wheat, excepting that the position of the em- 
bryo is parallel with the length of the grain instead of being at right angles with it as 
in wheat. 

3. Terminal appendages of the lemma. Awns on the lemma of the central as well 
as the lateral spiJcelets are invariably present in all the 6-rowed barleys grown at 
Busa. These represent the generally cultivated types grown all over India. In 
the 2-rowed forms only the central spikelet has mostly a rounded tip or occasionally 
an awn, while the lateral florets have mostly a rounded tip or occasionally a small 
point. The hooded Nepal barley described by many authors has not yet been 
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included in the present collection, but attempts are being made to procure this. 
The awn in this form is replaced by a trifurcate appendage of three lobes which are 
supposed to be a partial duplication of the three florets at a node of the rachis ; these 
florets often bear fertile stamens and rarely set seed. The awns of all the 24 types 
of barley, so far isolated, are rough with small barbs, -which are closer to one another 
in some types than in others. It is reported that in few potentially valuable 
agronomic forms, such as the Black Barbless of the Michigan Farm [Down, Bro-wn 
and Clark, 1929], the awns are smooth, rendering the handling of the grain at harvest 
and threshing time easy. 

4. Colour of the spikeleL Difierent grades of colour have been recognized by 
different workers in the kernels and glumes of barley, and the weight given to them 
varies. It must be pointed out that, though the major groups of colour stand out 
prominentlv, the intermediate gxades are very much influenced by weather condi- 
tions at ripening and harvest. Many investigators have divided their colour groups 
into white, black, yellow, violet, purple, and blue-grey. The standards created by 
Harlan, however, are the most clear. The colour in the hulled varieties is based 
upon the pigments located in the lemma and such of those in the aleurone layer as 
may show through the lemma. The first division consists of those without colour 
resulting in either a white or yellow grain. Then come the blue and purple colours 
— the lormer due to the colourless glume and blue aleurone layer and the latter being 
determinable by the purple colour of the glume and palesc. The colours recognized 
in the Pusa types are— white, white with a purple tinge, yellow light and deep, purple 
and bluish-grey (Plate VI). The black barleys where the colour is in the glumes 
are not found in India. The colour is more readily detected in the hulless varieties 
and the same grades of colour as in the hulled forms are present in these. Some 
workers have used the colour of the spike as a character for classification, but it is 
likely to be more difficult than making out the colour in the spikelet, and so this has 
not been attempted here. At Pusa Type 21 has shown some changes in the develop- 
ment of colour in the spike from the green to the ripe stage. In the early stages the 
ear has a greenish colour which develops into purplish and on maturing assumes 
more or less a buff colour. This is shown in Plate VIL 

5. Leaf -sheath colour. The leaf-sheath at "the fast internode discloses variations 
in colour in the different types. There is a purple wash as well as lines on the inter- 
node grading to lighter shades in some types and grading almost to nil in others. 
The influence of light has a good deal to do in all colour characters in plants, and it 
is probable that a deep purple coloured sheath in barley might later change into a 
dull colour and vice versa, depending on the intensity of light it receives, but it may 
be assumed that the colour can neither be completely inhibited nor developed anew. 
This character does not seem to have been utilized by previous investigators as a 
group characteristic or as a varietal difference. In this paper, howev(‘r, lito (■-olour 
of the leaf-sheath has been considered to differentiate the types into two broad divi- 
aions — those with purple-coloured sheaths and those with green ones. 
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6. Density, Density is taken to mean the number of spikelets per unit length of 
rachis, generally 10 cm. This is a character in barley to which varying degrees 
of importance are given by different -workers. In factj it was given equal weight 
with fertility in the grouping of sub-species by earlier authors ; later it was used 
only as a varietal difference. The original idea that density was a result of fertility 
is disproved hy the fact that lax and dense forms occur, together in the 2-rowed as 
well as in the 6-rowed barleys. A good deal of variation in this character occurs 
in the several types. The real difl&culty is to set limits between the dense, lax 
and intermediate forms. An empirical division based upon the measurements of 
barley ears, as suggested by Archer [1922], has been adopted in. the present 
studies. The length of 10 internodes, or the length betw^een one notch and the 
sixth from it, was measured with a pair of dividers and scale on one side 
of the ear. Denoting this length by the letter L the density in millimetres 

is given by Care was taken to measure the distance always from a 

particular notch, the third from the bottom being alw’-ays taken in these studies. 
Types with a density above 31 were classed as de7%se, those from 27 to 31 as 
medium and those with a density below 27 "were considered lax, lb may 
be pointed out, however, that this character is not without limitations as season 
and time of sowing specially have a decided effect upon it — a good season and an early 
sowing generally lessening the density by producing a longer ear-head. 

A direct consequence of density is the shape given to the ear. A long spike wdth 
a lax habit has a tendency to nod while a short dense ear is invariably stiff and erect. 
Again, the angle of inclination of the lateral spikelets to the rachis is dependent upon 
the density of the ear. The longer the distance bqtween the internodes in the lax 
ear-heads, the smaller the angle of inclination of the laterals as there is more room 
for the development in a vertical direction. Harlan [1918] has used this chara('ter 
for differentiating the sub- varieties. Wlien the inclination is small, making the 
awns more or less' parallel to the rachis, the sub-variety is called Pamllelum, but if 
tlie awns emerge at a greater angle forming a pyramidal structure the sub-variety is 
classified as Pyramidatum, The angle oi inclination is rather a difficult thing to 
measure, but the follownng method w'as used lor the present study. The sixth spike- 
let from the bottom was taken in e very case and all the other spikelets were removed ; 
the inner edge of tlie rachis was made to coincide with a vertical and the point of 
attachment with a particular division on a squared paper. The tangent was then 
determined and from this the angle was arrived at by a reference to a Table of Tiigno- 
metrical Ratios. In the present classification this angle was used to denote the 
nature of the ears'. Those types wffiich had an angle between 36° and 40° were 
classed as broad-eared, those between 30° and 35° as medium-eared and those below 
30° as narrow- ea/red types. 

7, Outer glumiS. The outer glumes do not show anj^ variations in the tjpes 
studied. In all the Pusa types, except Type 1, the outer glumes are narrow, thin 
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and slishtlv haiiy, and have a small appendage whioli is generaUy smooth, u^^oi e 
investigators elsewhere have found a slight variation in the width of omei 
flumes' which in some cases has been reported to he expanded and to be almost 
ovate in shape. This expansion is Kmited only to the central spikelet. 

8 BacUlla. Unlike the other grasses, the rachiUa in barley is attached to the 
base'of the floret and is prolonged beyond the base forming a distangushing cha- 
racter of the genus. Some workers such as Archer [1922] reported the existence 
of certain variations in the size and hairiness of the rachilla-some were long and 
bristly, others short and hairy, while there were some with the intermediate condi- 
tion as well. Such differences, however, were not met with m the tyjpes studied at 
Pusa Here the rachilla of the central spikelet in all the 24 types isolated was long 
with few hairs, while that of the lateral spikelets of the 2-rowed varieties was very 
long, almost filamentous and possessed very few bristles. 


(6) Agricultueal Characters. 

The characters described above are well developed specific differences which can 
more or less safely be relied on as definite and constant features under all conditions 
existing in different parts. But when considering a comparison between varieties, 
it is necessary none the less to give full weight to variations existing in these as a 
result of varying conditions of soil and climate under which they are grown. Kes- 
ponses shown by varieties to differences of environment are different. These cha- 
racters called ‘ gross ’ or ‘ mass ’ characters are given below and serve as a guide to 
the differences of the ultimate units or strains. 

1. Root-system. Very little attention has hitherto been given to this character 
in schemes of classification advocated for barley. Although this character has not 
been used for any clear cut differentiations between the various types isolated at 
Pusa, a study o/the root-systems of almost all the types has been made. Four 
kinds of root-systems have been observed [Bose and Dixit, 1931] and they' have 
been classed as — 

(1) Mesophytic — where the shallow roots are well developed and given off at 
right angles to the tillers, while the deep roots are comparatively poor. Ihis is 
further sub-divided into two groups according to the working depth of the root- 
system — 

(i) Mesophytic— A— has a working depth of 80 to 90 cm. Example, Type 

21 . 

(ii) Mesophjdiic — B— has a working depth of 50 to 60 cm. Example, Typc;s 

1 and 2. 
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(2) Semi-Mesopliytic— whexe the shallow roots are poorer than in (1) and though 
the deep set of roots is poor it is better than in the above, both in number and branch- 
ing. Example, Type 13. 

(3) Semi-Xerophytic— where the shallow roots are well developed but are given 
off obliquely downv/ards, and the deep root-system has longer and greater number of 
roots than in (1) and (2). Example, Type 22. 

(4) Xerophytic — where the shallow root-system is poorly developed, while the 
deep root-system is generally well formed and deeply penetrating. Example, 
Type 15. 

Shallow-rooted types with roots spreading at right angles to the tillers belong to 
Bihar and to localities with abundant soil-moisture, while deep-rooted types with 
poorly developed shallow root-systems have originated from seed brought from, 
drier tracts of the United Provinces, Sind and Rajpiitana. Under Pusa conditions, 
where the average annual rainfall is estimated to he 47 inches, the shallow-rooted 
types are all earlier in maturity and are amongst the highest yielders, while the deep- 
rooted types are generally late and do not fare well. In their early habit the shallow- 
rooted types are erect or semi-erect, while the deep-rooted types have a tendency 
to be bushy and spreading in their early stages of growth. There is no definite 
relation between the height of the plants and the depth of the roots in the different 
types. 

2. Early habit. The habit in the early stages of growth in a plant’s life is an 
important character in many cold countries, and there this character is taken to 
separate spring from winter varieties. Varieties w^'Mch are erect at all stages and 
have only a few leaves are called spring varieties ; those which are bushy in their 
early stages can withstand frost and are suited for winter are known as winter types. 
Differences have been observed in this character in the Pusa types and are clearly 
recognized in the early stages. Later on as the plants grow all the types assume a 
more or less erect habit. 

3. Tillering, It is a matter of common observation that a character like this 
changes a good deal with season and soil ; it is only when varieties are grown under 
conditions which preclude chances of differentiation that a comparison can be 
made. Though in practice an ideally uniform soil never exists, an idea of inherent 
capacity for tillering can he got by growing the varieties on a fairlj’ uniform soil for 
a period of five or six years. 

4. Lodging, Varieties with a weak vstraw often lodge badly, especially on heav}^ 
ground. Lodging usually occurs late in the period of growth of the barley and at a 
rather vital time, bringing about heavy losses both in the quality and quantity of the 
crop. Stiffness of straw is of very great importance in a barley type. The yield of 
a lodged field is greatly reduced, and such a crop is difficult to harvest. Type 21 
outstands all Pusa types in the stiffness of straw. It is this character which makes 
it stand well even under undesirable conditions, while some other types, like Type 
20, lodge badly under the very same conditions, Plate V shows Type 21 on the left 
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standing well, wtile Type 20 has lodged badly on the right. A study of the trans- 
verse sections of the stem of some types revealed some differences. Figures 2 and 3 
show these sections in Types 21 and 20. 



FiG 2. 


Figs. 


Showing transverse sections of the stem of Type 21 — Non-lodging (Pig. 2) and Type 
20— Lodging (Pig. .3). 


In Figure 2 (Type 21 — Non-lodging) the mechanical tissue towards the periphery 
is much more developed than in Fig. 3 (Type 20— Lodging). These figures represent 
only a small portion of the transverse section of the stems. The occurrence of this 
increased amount of sclerenchymatous tissue all round the stem naturally increases 
the rigidity of the stem of a non-lodging type. 
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5. Foliage. Tlie colour of vegetation is susceptible to a good deal of variation 
and is very easily infiiienoed by conditions of growth. But under a set of uniform 
conditions of environment there are clean cut differences in the types studied wdtb 
regard to this character. There are types with dark green leaves with a bluish 
tinge. These are described in the following pages as bluish green as contrasted with 
the light coloured ones termed light green. The intermediate condition denominated 
green in the description of types is a little more difficult to diagnose ; personal factor 
operates a good degree in the right classification of this character (Plate VIII). The 
length and breadth of leaves are again variable but there is not such a wide difference 
as to make them a basis for varietal recognition. 

6 . Height, This again is a character which varies wdthin very wide ranges and is 
influenced by the climate and growth factors. The extremes are anyhow clearly 
made otit and hence this character may be used, if necessary, for a description of th-?! 
different types. In the descriptions that follow, types w-hioh have an average height 
below 85 cm. are classed as short, those ranging between 86 and 95 cm. as medium, 
w^hile those that are above 95 cm. are termed tall, 

7. Size of grain. It will probably appear a little strange to class size of grain as 
a mass character rather than a morphological one. But by way of explanation it 
may be noted that the size of the grain of cereals, like some other vegetative charac- 
ters, is subject to variation by the conditions under which they are grown. Here 
again the extremes are easily made out by an examination of the aggregate. One 
fact, however, must be borne in mind that whereas the size of grain in a two-rowed 
pure type of barley is more or less uniform, it can never be so in a 6-row^ed barley. 
In the latter there invariably is \ w’-ell formed grain arising from the central spikelet 
and I a little smaller in size, those developing from the lateral spikelets. 

8. Maturity is generally measured by the number of days taken from seeding to 
heading. This is one of the most important characters of a crop and is one which 
is likely to vary within great limits when a variety changes its habitat. It is a well- 
known fact that the duration of a crop depends to a great degree on the time of sow- 
ing. Exotic barleys from Europe and America sown under Pusa conditions flow'er 
very late in the season and for this reason most of them dry up before they can set 
any seed. In most parts of Northern India barley is generally sown at the end of 
October or the beginning of November and the number of claj^s taken from that 
date till the appearance of the ear-head is taken as an index of maturity rather than 
the actual date of ripening, because ripening is materially influenced by weather 
conditions. Hot dry weather will hasten, while cool, damp •weather wull retard the 
date of ripening. In the present study, types which took 61 to 72 days to head out 
were termed early ; those in which the emergence took place from 73 to 84 were 
called medium and those which took more than 85 days were classed as late, 

9. Bushel weights. The weight per bushel is one of the main criterion of the 
commercial quality of many crops. In barley, however, the appearance and condi- 
tion of the sample are of much greater importance, and a barley of a lighter natural 
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weight may be better for malting purposes than a heavier one. Bushel weights of 
the important barley types isolated here were recorded for the last six years and are 
given below : — 


Table III. 


Statement shomng average bushel weights of Pusa barleys during 1925-1930. 


Bushel wsiaHTS w lb. 



Average 

weight 
WM ' , in lb. 
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, under Pusa conditions, has an average bushel weight of 48'6 lb. in the last six years 
recorded above. Type 24, which is hulless and thrashes out like wheat, has the 
highest weight of 64-2 lb. to the bushel although it is an indifferent yielding type. 

10. Nitrogen contend. The nitrogen content of the barley grain is the surest 
guide to malting quality. The following analyses from the 1930 crop were made 
by the Imperial Agricultural Chemist, Imperial Institute of Agricultural Research, 
Pusa, to whom my thanks are due for this. 

Table IV. 

Shelving the perceniage of organw nitrogen on dry basis in Pusa barleys, 1930. 




Description of samples 
Barley Type 


Percentage organic 
nitrogen on dry basis. 


2*44 


2-68 


2-73 


2-54 


240 


1*89 


1*715 


1*85 


1*91 


2 * 0 ^ 


1*87 


1*71 


1*74 


1*93 


2*04 


1*83 


1*87 


2*00 


1*85 


1*97 


1'92 


1*89 


1*85 


2*14 


11. Diseases. Butler [1918] reports the occurrence of the following fungus di- 

seases in barley : — . 

(i) Covered Smut (Ustilago Hordei, (Pers.) Kell, and Sw.), “ Scattered 
cases of this disease occur in the barley fields all over Nortbera India, 
blit never to the same extent as oat smut. 
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, ■ (ii) Loose Smut {Vstilago mda (Jens.) Kell and Sw.). Tins is mucli' rarer 
tlian tiie last in India, wliicli is fortunate as it is more difficult to 
control/' 

(iii) Rust (Dwarf Rust) (Puccinia simplex (Koern.) Eriks, and Henn.), Black 

rust {Puccinia graniinis, Pers.), Yellow Rust {Puccinia glumanmi, 
Eriks., and Henn.). “ Barley like wkeat, is subject to tbe attacks 
of three distinct rusts, two of wkick are the same as two of the wheat 
rusts, while the dwarf rust of barley takes the place of orange rust of 
wheat/' 

(iv) Stripe Disease. — A good deal of damage is done to some types of barley 

a,t Piisa by EelminthospoTmm sativum, Pk. and B. A record of this 
has been maintained by the Imperial Mycologist, Pusa, to whom my 
thanks are due for supplying me the following detail for the 1930 crop 
in the Botanical Section. 

Table V. 



SJwwifig barky IlelmintJwspofimn observations iti Botanical Area, Pusa, during 

1929-30. 


Nature of Helminthos^jomwi attack ok 


’^High-yielding types. 
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Natuee of 

Hehnintlmp^rium attack on 


Type 


3rd Bee. 
1929 

22nd Bee. 
1929 

Gth Jan. 21st Jan. 
1930 1930 

5tli Feb. 
1930 

20 til Feb. 
1930 

5tli Mar. 
1930 

IS . 


S 

S 

s 

S 

S 

F 

F 

19 . 


S 

S 

F 

F 

F 

F 

F 

20*== . 


s 

s 

S 

S 

S 

S 


21* . 


vs 

vs 

VS 

VS 

s 

S 

S 

22 .: 


vs 

s 

s 

s 

S 

F 

F 

23 . ., 


s 

s 

s 

s 

F 

F 

F 

24 . ■ 


vs 

vs 

vs 

vs 

VS 

S 

S 


*Hjg}i yielding tyi^es. 
VS =: Very slight attack. 
S= Slight attack. 


F== Fair attack. 
B~ Bad attack. 


It is interesting to note that Type 21 is the best barley for Nortb Indian condi- 
tions and it is this which seems to be attacked the least by this disease. The other 
high-yielding forms marked ('^') also are types with more or less slight attack. ^ This 
is an example which shows that disease-resistance is an important criterion in the 
selection of suitable types of a crop for a particular locality. 

The intermittent hot water treatment described below is sometimes advocated 
as a measure of control for the stripe disease. In order to observe the efficacy of 
this treatment an experiment was conducted in 1928-29. One-tenth acre plots^ of 
Types 14^ 20 and 21 respectively were sowm with treated seed and a similar area with 
ordinary dry seed as control. The hot water treatment consisted of putting the 
seeds in cloth bags and placing them in water at about 104° F. for two hours, and then 
ill water at 118° F. for 10 minutes, then dipped again for about a minute in a bath 
at 104° F. and left for two hours in a warm room. Equal weights of seed were sown 
in each plot and the final yields obtained were : — 

Yield in lb. in 


Typo 


Control plot Treated plot 








This shows that the yields in all treated plots were higher than those in the cor- 
responding controls and appreciably so in Type 21 where the incidence of Helrnin- 
thospofium was marbedly less in the treated plot. 




V. Key to Types. 

I. Two>rowed barley. Hordeum distichon, L. 


Type 



OrauiB Hulled. 

Seed light yellow. 

Leaf sheath green, foliage light green . 

Seed white. 

Leaf sheath purple, foliage green 
Grains Hulless. 

Seed light yellow. 

Leaf sheath purple, foliage green 
Seed purple. 

Leaf sheath purple, foliage green 
Seed deep purple. 

Leaf sheath purple, foliage green 

II. Six-rowed barley, Bordeum mlgare, L, variety PalUdvtih 

Grains Hulled. 

Seed deep yellow. 

Leaf sheath green. 

Ears medium dense, foliage green . . . , 

Ears lax, foliage green ..... 

Ears lax, foliage bluish green . . . 

Seed light yellow. 

Leaf sheath green. 

Ears dense, foliage green .... 

Ears lax, foliage light green. 

Early habit erect • . . . . 

Early habit spreading . . , 

Ears lax, foliage bluish green . . 

Leaf sheath purple. 

Ears mediuiQ. dense, foliage green 

Ears medium, lax foliage bluish green. 

Early in maturity 

Late in maturity 
Seed white. 

Leaf sheath green. 

Ears dense, foliage green 
Leaf sheath purple. 

Ears medium dense, foliage light ffreen 

Grains small and thin . . 

' Grains bold and plump 
Foliage green . . . 

Ears lax, foliage green , , , 
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Seed white with a purplish tinge. 

Leaf sheath green. 

Ears medium dense, foliage bluish green. 

Early in maturity .......... 21 

Medium in maturity . . . . . . . . » .22 

Ears lax, foliage green- . . . . . . . ... 22 

G-rains Hullesa, M. vulgaref var. codesU. 

Seed (husked) bluish grey. 

Leaf sheath green. 

Ears dense, foliage bluish green . . . . . . . . 24 


VI. Descriptioni Types . 

I, 2-rowed barleys. (Plate IX.) 

Ty^pe 1. Early habit erect ; root-system mesopbytic B, poor ; leaf-sheath colour 
green ; foliage light green, short and narrow leaves ; tillering poor ; height 57 cm., 
short ; density 32-1 ; ear short, dense, outer glumes broad and awned ; kernel hulled; 
short and plump, light yellow; weight of 1,000 grains 46-0 gm., bushel weight 
48 lb., maturity early (65 days). 

This is the only type with the outer glumes broad and awned. 

Type 2. Early habit spreading ; root-system mesophytic B, poor ; leaf-sheath 
colour purple ; foliage green, short and narrow leaves ; tillering poor ; height short 
(70 cm. ) ; density 40-3 ; ear short, dense, and does not come out well from the sheath, 
outer glumes narrow and pointed ; kernel hulled, roundish and very plump, white ; 
weight of 1,000 grains 35*3 gm. ; bushel weight 47 lb. ; maturity late (107 days). 

Type 3. Early habit spreading and bushy ; root-system mesophytic B, poor ; 
leaf-sheath colour purple ; foliage green ; tillering moderate ; height short (71 
cm.) ; density 32*5 ; ear short, dense ; kernel hulless, round and plump, light yellow ; 
weight of 1,000 grains 29*0 gin., bushel weight 50 lb. ; maturity late (92 days). 

Type 4. Early habit bushy ; root-system xerophytic ; leaf-sheath colour purple ; 
foliage green ; tillering moderate ; height short (61 cm.) ; density 33-0 ; ear short 
and dense ; kernel hulless, short and plump, purple ; weight of 1,000 grains 26*5 gm., 
bushel weight 50 lb. ; maturity late (105 days). 

Type 5. Early habit erect ; root-system mesophytic B ; leaf-sheath colour 
purple ; foliage green ; tillering good ; height medium (88 cm.) ; density 33*2 ; ear 
very long and dense ; kernel hulless, round and plump, purple ; weight of 1,000 
grains 35*0 gms., bushel weight 50 lb. ; maturity late (89 days). 

Glumes and awns purple, fading to lighter shades on ripening. 

IL 6-bowed barleys. (Plate X.) 

Type 6. Early habit erect; root-system semi-mesophytio ; leaf-sheath colour 
green ; foliage green ; tillering moderate ; height short (76 cm.) ; density 30*3 ; ear 
medium in length and breadth, outer glumes narrow and pointed ; kernel hulled, 
thin and medium, deep yellow ; weight of 1,000 grains 33*9 gm., bushel weight 46*4 
Ik ; maturity medium (74 days). v' ' 
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Tyjpe 7. Early habit erect ; root-system semi-serophytic, vigorous ; leaf-sheatb 
colour green ; foliage gi'een ; tillering good ; height short (77 cm.) ; density 27-0 ; 
ear long, nairow and lax ; kernel hulled, long and plump, deep yellow, weight of 
1,000 grains 42-2 gm., bushel weight 46 lb. ; maturity early (69 days). 

Type 8. Early habit semi-erect ; root-system semi-mesophytic ; leaf-sheath 
colour green ; foliage bluish-green ; tillering moderate ; height short (81 cm.) ; den- 
sity 22-2 ; ear medium, long, narrow and lax ; kernel hulled, medium in size, deep 
yellow, weight of 1,000 grains 37-4 gm., bushel weight 44 lb. ; maturity medium 
(75 days). 

Type 9. Early habit erect ; root-system semi-mesophytic ; leaf-sheath colour 
green ; foliage green ; tillering moderate ; height short (83 cm.) ; density 33-0 ; ear 
short, medium broad and dense ; kernel hulled, medium in size, light yellow, weight 
of 1,000 grains 27'6 gm., bushel weight 46 lb. ; maturity medium (77 days). 

Type 10. Early habit erect ; root-system semi-mesophytic ; leaf-sheath colour 
green ; foliage light green, long and broad leaves ; tillering moderate ; height me- 
dium (88 cm.) ; density 23-5 ; ear long, narrow and lax ; kernel hulled, long and 
plump, light yellow ; weight of 1,000 grains 28 gm., bushel weight 39 lb. ; maturity 


early (70 days). 

Type 11. Early habit spreading ; root-system xerophytic ; leaf-sheath colour 
green ; foliage light green, short and narrow leaves ; tillering moderate ; height tall 
(104 cm.) ; density 24-2 ; ear long and medium broad, lax ; kernel hulled, long and 
thin, light yellow, weight of 1,000 grains 24 gm., bushel weight 43 lb. ; maturity 
late (94 days). 

Type 12. Early habit erect ; root-system mesophytio ; leaf-sheath colour green; 
foliage bluish green, long and broad leaves ; tillering good ; height medium (86 cm.); 
density 23-2 ; ear medium length and breadth, lax ; kernel hulled, long and rather 
plump, light yellow, weight of 1,000 grains 38 gm., bushel weight 48 lb. ; maturity 
early (71 days) ; a high-yielding tj^e. 

Type 13. Early habit sjrreading ; root-system semi-meso 2 rh_ytie ; leaf-shcath 
colour purple ; foliage green ; tillermg poor ; height medium (91 cm.) ; density 29-4; 
ear medium in length and breadth, rather dense ; kernel hulled, long and thin, liyht 
yellow, weight of 1,000 grains 29-3 gm., bushel weight 47 lb. ; maturity medium 
(79 days)! 

Type 14. Early habit erect ; root-system mesophytic ; leaf-sheath colour purple ; 
foliage bluish green; tillering moderate ; height short (79 cm.) ; density 24-8 ; ear 
medium, narrow and lax; kernel hulled, long and rather thin, light yellow, 
weight of 1,000 grams 34’7 gm., bushel weight 48 lb., maturity early (61 days). 

Type 15. Early habit spreading ; root-system xerophytic ; leaf-sheath colour 

purple ; foliage bluish green ; tillering moderate ; height "tall (103 cm.) ; dejisity 
23-3 ; ear medium narrow and lax ; kernel hulled, long, narrow and thin, light vel- 
low, weight of 1,000 grains 27-9 gm., bushel weight 42 lb. ; maturity late (100 days). 
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Type 16. Early Iiabit semi-erect ; root-system semi-xeiopliytic ; leaf-slieatli 
colour green ; foliage green ; tillering poor ; keight medium (91 cm,) ; density 29-2 ; 
ear medium in lengtli and breadtk, ratker dense ; kernel bulled, medium in size, 
wkite, weight of 1,000 grains 31-8 gm., buskel weight 49 lb. ; maturity medium 
(84 days). 

Type 17, Early kabit spreading ; root-system xeropkytic ; leaf-sheatk colour 
purple ; foliage light green ; tillering moderate ; keigkt medium (93 cm.) : density 
30*3 ; ear medium in length and breadth, rather dense ; kernel hulled, short, narrow 
and thin, white, weight of 1,000 grains 22*4 gm., bushel weight 49 lb. ; maturity 
medium (81 days). 

Type 18, Early habit spreading ; root-system xerophytic ; leaf-sheath colour 
purple ; foliage light green ; tillering moderate ; height medium (86 cm.) ; density 
S0*3 ; ear long, narrow and rather dense; kernel hulled, long, plump, white, 
weight of 1,000 grains 27*3 gm., bushel weight 43 lb. ; maturity medium (83 days). 

Type 19, Early habit spreading ; root system semi-xeroph}dic, vigorous ; leaf- 
sheath colour purple ; foliage green ; tillering good ; height medium (85 cm.) ; den- 
sity 30*6 ; ear medium long, narrow and rather dense ; kernel hulled, medium in size, 
white, weight of 1,000 grains 27*4 gm., bushel weight 46 lb. ; maturity medium (85 
days). 

Type 20, Early habit erect ; root-system mesophytic ; leaf-sheath colour purple ; 
foliage green, leaves long and broad ; tillering good ; height tall (99 cm.) ; density 
22*5 ; ear long, narrow and lax ; kernel hulled, long and plump, white, weight of 
1,000 grains 40*3 gm., bushel \veight 47 lb. ; maturity early (72 days) ; a high- 
yielding type with very long ears. 

Type 21. Early habit semi-erect ; root-system mesophytic, vigorous ; leaf- 
sheath colour green ; foliage bluish green, leaves long and broad ; tillering good ; 
height short (83 cm.) ; density 30*2 ; ear medium long, broad and rather dense ; 
kernel hulled, long and plump, white with a purplish tinge, weight of 1,000 grains 
38*1 gm., bushel weight 45 lb. ; maturity early (72 days). This is the best yielder 
under North Indian conditions. Glume and awns purple fading to lighter shades 
on ripening. (Previously called B-4.) 

Type 22. Early habit semi-erect ; root-system semi-xerophytic ; leaf-sheath 
colour green ; foliage bluish green ; tillering poor ; height medium (89 cm.) ; density 
29*3 ; ear long, narrow and rather dense; kernel hulled, small and plump, w’-hite 
•with a purplish tinge, weight of 1,000 grains 34*8 gm., bushel weight 49 lb. ; maturity 
medium (79 days) ; sheds badly on over ripening. 

Type 23. Early habit erect ; root-system xerophytic ; leaf- sheath colour green ; 
foliage green ; tillering moderate ; height short (80 cm.) ; density 25*7 ; ear long, 
naiTO^v and lax ; kernel hulled, long and plump, white with a purplish tinge, weight 
of 1,000 grains 41*0 gm., bushel weight 63 lb. ; maturity medium (79 days). 

'Type: 24. Early habit semi-erect ; root-system mesophytic ; leaf-sheath colour 
green ; foliage bluish green, leaves short ; tillering moderate ; height medium (92 
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CM.) ; density 41-2 ; ear very short, broad and compact ; kernel hlllIe^ss, short and 
pkmp, bluish grey, weight of 1,000 grains 25*1 gm., bushel weight 64*2 lb. ; maturity 
early (62 days) ; previously known as Ramdana. 


VIL Economic Aspects* 

The object of every economic plant-breeder is to produce a variety which will 
bring an increased monetary return to the cultivator. This increased profit may be 
obtained by an improvement in the yield per acre and to a less extent by the quality 
of the grain. To the grower it is absolutely immaterial whether the increased yield 
of the new variety is due to potential yielding power, to enhanced disease-resistance 
or to a better adaptability of the root-system. If the amount of increased profits 
that accrue by taking up an improved variety is brought home to the cultivator, he 
is not as slow to take it up, as is sometimes thought. 

Yield, An increased amount of produce per acre is therefore the main criterion 
in the selection of a crop. For a number of years comparative trials with all the 
important selections were made at the Botanical Section and the more promising 
types selected for final trial. In 1928-29 a yield trial was conducted with Types 21, 
20 and 12 (B-4, B»23 and B-20) respectively against a mixed local strain. The 
results obtained may be gauged from the following table [Shaw and Bose, 1929] : — 

Table VI. 


Mean yields and oilier statistical constants for the four types of barley in Series /, If 
III and IV, in 1928-29. 


Probable 


Variety 

Siize of plot 

No. of plots 

Mean 

gm. 

Standard 

deviations 

errors of 
the mean 

A(B.4) , 

3'X3' 

25 

314-72 

89-19 

12-03 

B(B.23) . 

3'x3' 

25 

260-68 

113-35 

15-29 

C (Local) . 

3'x3' 

25 

124*52 

69-93 

9-43 

D (B.20) . 

3'x3' 

25 

276-52 

94*01 

12-68 

A (B-4) . 

3'x3' 

50 

417-44 

128-39 

12-25 

B (B.23) . 

3'x3' 

50 

363-82 

108-58 

10-36 

0 (Local) . 

3'x3' 

50 

186-86 

81-12 

7-74 

D (B-20) . 

3'x3' 

50 

349-96 

116-14 

11*08 

A (B.4) . 

25' x 2' 

6 

1,464-167 

417-509 

114-98 

B (B-23) . 

25' x 2' 

6 

1,301-166 

322*26 

88-75 

0 (Local) . 

25' X 2' 

6 

557*5 

141-24 

38-90 

D (B-20) . 

25' X 2' 

6 

1,292-167 

374-11 

103*03 

A (B.4) . 

25' X 3' 

6 

2,738*5 

602-38 

165-89, 

B (B.23) . 

25' X 3' 

6 

2,170-333 

302-9 

83-42 

0 (Local) . 

25' X 3' 

6 

1,633-0 

602-64 

165-94 

B (B-20) . 

25' X 3' 

6 

2,092-5 

223-67 

61-60 


TMs clearly shows the superiority of the three Pusa types over the local strain 
and that Type 21 (B-4) is the best yielder under all the four series. The graph 
given below will also give an idea of the comparative yields of these four different 
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barleys as was obtained in Series I of the experiment reported above. Yields of 
plots, each 3 feet square, are arranged for each typie, in order of tbeir magnitude 
and do not of course mean that the yields increased systematically from plot to plot 



YIELD PER PLOT IN BARLEY YIELD TRIALS 
1928 - 29 . 

Fig. 4. 

In 1929-30 21 produced an outturn of 2,570 lb. to tlie acre in the Botani- 

cal Section, Pusa. Seed of some types was distributed in 1929 and very favourable 
reports have been received regarding them. The Deputy Director of Agriculture, 
ShahjahanpuT, U. P., reports the following outturns on areas of one acre 

lb. per acre. 


*B-4 (Type 21) 2,755 

B-22 (Type 12) ... 2,807 

B-23 (Type 20) . . . - . 2,661 


* Types, 21, 12 and 20 were called B-4, B-22 and B-23 respectively in the Annual Beports of the 
Imperial Economic Botanist, Pusa, and in the Agricultural Journal of India, XXIV. 1929, 371-896. 
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The Dlioli Coiicexii. in the Mnzaffarpnr District, Bihar and Orissa, has obtained an 
yield of 3,84e5 lb. to the acre with Type 21 from an area of 0*25 acre, -while the 
Model Farm at Beawar (Kajputana) has also secured an outturn of 2,152 lb. to the 
acre with the same type. The Benipur Concern in Bihar has reported a yield of 
2,214 lb. (or 27 maunds) to the acre on an area of 8*5 acres. As described 
already, barley is generally sown in India mixed with gram, peas, lentils, etc., and 
the average outturn of mixed barley seed generally ranges from 12 to 15 maunds 
(984 to 1,230 lb.) to the acre and very rarely it goes up to 20 maunds (1,640 lb.). 
The increased outturn of Pusa barleys and especially of Type 21 will be of great 
value to the ryot. Extensive trials with some of these promising types are desir- 
able, and some work on the malting capacity of som.e of these selections would be 
of great value. 

The following graphs show the frequency distributions of the length of ears and 
the height of plants in Type 21 as observed in 1928. The curves approximate normal 
frequency curves and thus establish the purity of the type. 





Z O 3'0 4-0 S’O 6-0 TO OnS. 38 43 48 53 58 63 68 73 CmS 

Length Of Ears. Heights of PtanU. 

FREQUENCY DISTRIBUTION SHOWING THE LENGTH OE OffS AMO THE HEIGHT OF PLANTS 

IM TYPE ZI BAfiLEV IM 1328. 


Fig. 5 . 

Strmc . — In India, barley straw is fed to the cattle to a great extent. When cut 
vp as Musa it makes good fodder although it is somewhat inferior to wheat straw. 
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The ratio of grain weight to straw weight was determined in some types in 1928 and 
is shown below : — 


Table VIL 


STioimng tlie ratio of grain iveight to straw weight obtained in a yield trial ivith some 
tyjies in 1928. {Arranged accon'ding to the magnitude of their yield of grain.) 


Type 

Yields in chataks from 
pLiyrs 800 sq, feet in 

AREA 

Poatio of 
Grain : 
Straw 

Grain 

Straw 

21 

, 










321 

422 

1 : 

1-31 

14 











316 

395 

1 : 

1“25 

9 

u 










310 

524 

1 : 

1*69 

7 











284 

423 

1 ; 

1*49 

12 











211a 

■ 422 

1 : 

1*53 

20 







0 




27S 

415 

1 : 

1*52 

13 











259 

409 

1 : 

1*58 

10 











255 

481 

1 : 

1*88 

8 











250 

372 

1 : 

1-49 

22 











23»> 

371 

1 : 

1*58 

23 











213 

384 

1 : 

1-80 

0 











194 

309 

1 : 

1*59 

17 








• 



147 

422 

.1 : 

2*87 

19 











140 

299 

1 

2*14 

18 








• 



119 

191 

1 : 

2*45 

24 

. 





• 

. 

• 


• 

97 

421 

1 : 

4‘34 

15 


• 

• 

• 

• 

• 

* 

• 

• 

• 

78 

352 

1 : 

4*51 


It is apparent from the above table that the ratio of the grain weight to straw 
weight generally depends on the type itself and that in the high-yielding types the 
straw weight is approximately If times the grain weight. In types which do not 
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grow well in tHs locality (Types 15 and 24) the straw weight is proportionately much 
HgL tL ratio was'Llso deterndned in 100 plants of Type 21, selected at random 
from a field of this type, and the graph shown below gives a clear view of the results 

obtained. 



flatio. 


FREQmia oisTRiBUTm simim the mio of Gfimro strm 
-WEIGHTS mim r, barley in jsis . 


F%. 6. 


In conclusion, I wish to express my thanks to Dr. F. J. F. Shaw, the Imperial 
Economic Botanist, Pusa, at whose instigation the work was undertaken, for his 
constant advice and criticism during the course of the investigation ; also to Messrs. 
P. D. Dixit, and M. B. V. Narsiuga Rao, post-graduate students in the Botanical 
Section, Pusa, for considerable help rendered during the last two years of the work. 



2-Rowe6 B^).^ley 


6'Rowe6 Bd^rleys 


THE COLOUR OF THE BARLEY KERNEL. 

1 to 3, 2-rowed hulless— Types 3. 4 and 5 respectively ; 

4 and 5, 2-rowed hulled — Types 2 and 1; 

6, 6'rowed hulless — ^Type 24; 

7 to 10, 6-rowed hulled-Types 17. 12, 6 and 21 respectively 












PLATE IX. 





Ears in 6-rowed Barley. Types 24, 20 and 2 
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I. Introduction. 


Notwithstanding the enormous number of field and variety trials carried out 
annually all over the world, very little attention is paid to the study of the root 
systems of agricultural crops. The importance of this part of a plant cannot be 
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oYex-emphasized. Tlie roots are the means by which the soil and plant are brought 
into gear,” [Howard, 1924] and as such deserve great attention. A tlioroiigh know- 
ledge of root habits and root activities is essential for many problems connected 
with the selection of types for distribution to various localities. A certain type 
may prove itself to be a very good yielder as the result of variety trials at one sta- 
tion, but it may fail to give similar results in another place, because its root-system 
is not adapted to the soil conditions in the second locality. For example, '' Wheat 
Pusa 6, which suits Bihar best, does not do well in the drier wheat-growing areas of 
the Indo-Gaiigetic plain, while Pusa 12, which was apt to be disappointing 
on the heavier lands of Pusa, when tried in the United Provinces quickly came into 
favour, the reason being that the former is shallow-rooted while the latter is deep- 
rooted— which is a distinct advantage in open and drier alluvial soils of the United 
Provinces.” [Howard and Howard, 1917.] 

Twenty-four types of barley have been isolated in the Botanical Section at Pusa 
from a collection of samples obtained from the important barley-growing districts 
of India. [Bose, 1931.] This involved the inclusion of material from widely di- 
fferent soil and agricultural conditions. It was considered advisable, therefore, to 
carry out a comparative study of the root-system of the various types, so as to find 
out whether any relation existed between the nature of the root-system in a type and 
the locality from which the type was collected. The time of maturity, habit, height 
and yield were also considered in relation to the root habit in the various types. 

Studies of root-systems in crops are also useful in obtaining the maximum 
benefit from the application of fertilizers, irrigation, methods of tillage, inter-culture 
and rotation. 

IL Methods. 

The root-systems of 24 types of barley were studied in 1929, and in 1930 the 
types were re-examined and six new types were also studied. At the time of exa- 
mination the plants -were mature and ready for harvest. The types were sown 
in beds 4'X l2', each type separated from the other by a line of gram. A passage 
about four feet broad was left between adjoining beds. The examination of roots 
was easy as the plots were kept free from weeds, and the root-system could there- 
fore be traced with accuracy and certainty. Sometimes the roots of the separating 
gram line caused some difficulty, hut they could he distinguished by their thickness 
and whiter colour from the thinner and somewhat more brovmisli roots of barley. 

Four types of barley, two growing on opposite sides of the passage, could be 
studied at a time, so that the excavation of only one trench was enough to study 
four types together. By doing so not only much labour was saved but com- 
parisons were made easy and points of contrast between the types made more 
obvious. The trenches with more or less vertical walls were excavated in the 
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plants to be examined ; the dimensions of the trench varied according to the 
conditions, hnt aenerally trenches 7' X 3' X 5' were foxmd suitable. 

There are Wo distinct methods which have been used by difeeiri investigators 
for uncovering root-systems. The fcst is by removing the soil with a stream of 
water from a reservoir- as employed by Hays [1889] m waging the of com ; 
and by other workers like King [1893], Ten Eyeck [1900], Sheppard [1905] etc., 
with various modifications for difierent crops and trees. The second consists in 
iincoverinF the root-system with the help of a small hand-pick with a cutting edge 
at one end and a long tapering point at the other. This method has been adopted 
by Weaver [1926, 2] and, his co-workers at Nebraska and other stations m the Umted 


States of America. ’ i 4 ! u ■nw 

The latter method was tried for some time but did not work successfully. _ Not 

only did it xequii-e considerably more time and energy and a great deal of patience, 
but to trace the final rootlets and predict their course in the soil was found Practi- 
cally impossible ; moreover, the rootlets being very fine were liable to be cut. Inere 
was no difficulty, however, in following the first method which is much less laborious 
and works quite well in hard as well as sandy soils. This method has been in use 
in Pusa since a very long time. A gentle stream of water from a knapsack spryer 
uncovers the roots very satisfactorily (Plate XI). The roots are retained in then- 
normal position by the anchoring root hairs and minute branches of the rootlets. 
To have a general idea of the extent of the root-system, washing is done rapidly 
downwards till the maximum depth to which the vertical roots penetrate is reached, 
the character of the ultimate branches and maximum depths is recorded and then 
the upper portions of the vertical root-system and the shallow root-system are washed 
and studied. In this way the problem of removing the water from the trench does 
not face the worker. The deeper roots which are rather few in number and sparsely 
branched, are studied first when there is very little water in the trench. The water 
that collects later, on washing the upper roots, does not then interfere with the 
study of the upper root-system. 


III. General Description. 

The root system in all tjqies of barley studied here consisted of two sets of roots 
—■the shallow’ roots and the deep roots. At the base of each tiller both these lands 
of roots arose. One set of roots went horizontally or a little obliquely in the upper 
region of the soil, forming the shallow root-system and the other set took a down- 
ward course and formed the deep root-system. The roots forming the shallow root- 
system extended out horizontally or obliquely in all directions from the base of the 
plant, their maximum length ranged from 22 cm. to 48 cm. in various tjq)es and 
gave out laterals throughout their course. The laterals were 9 cm. to 16 cm. long 
and were branched and re-branched in turn, forming a dense network in the first 
one foot or 1| feet of the soil. They extended in aU directions from the base of the 

plant, their ends often reaching the very surface of the soil. 


! 
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Tlie roots constitiitiiig tlie deep root-system took up a more or less tortuous course 
downwards and were freely Lranclied, the kranckes riinniiig iiorizoiitally for some 
distance and tken going irregularly downwards. The depth to which these hraiiclies 
were quite abundant is termed the working depth and varied with difiereiit types 
from 50 cm. to 120 cm. The maximum depth to which the majority of the roots of 
this set reached was 100 cm. to 170 cm. in various types, but the maximum depth 
of the longest roots was recorded as deep as 190 cm. The last 10 to 25 cm. of these 
roots w-'eie very thin and rarely branched ; if branches ever occxirred they were not 
more than a few ceiitim.etres long. 

In general the roots of the shallo'w set w^ere finer than the roots of the deep set. 
IV. Classification of Eoot Types. 

The different kinds of root-systems met with in the Pusa barley types have been 
classified into four groups according to the character of the shallow and the deep 
roots and to the direction of the shallow roots. These groups are as follows 


Type o£ root-system 
I MesopEytic 

II Semi-mesophytic • . 

III Semi-xeropliytic 

IV Xerophytic . ' . 


Shallow roots 


Well developed, profusely branched 
and horizontal in surface soil. 

A little less developed than I, but 
quite vigorous and horizontal. 

Quite well developed but given at 
obtuse angle to tillers, Le., 
direction oblique. 

Poorly developed and oblique 


Deep roots 


Do not penetrate very 
deep. 

Go a little deeper than I 
but not wel branched. 

Weil developed and deep 
penetrating. 


Larger in number and 
very deep penetrating. 


I: Mesofhytic type of root-system. Barley Types with well developed and pro- 
fusely branched shallow roots taking a more or less horizontal course to the surface 
of the soil and a poorly developed deep set of roots. The shallow roots spread more 
or less horizontally in all directions from the base of the plant in a radius of 35 to 
50 cm. and a depth of 20 to 30 cm. The working depth ranges from 50 to 90 cm. 
According to the working depth, this group mav furtlier be sub-divided into two 


(1) Mesophytic — A. 

(2) Mesophytic — B. 

In the former the working depth varies from 78 to 90 cm. and in the latter from 
50 to 60 cm. The mflYiTmi m depth of the deep roots does not ezeeed 130 cm. in 
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both the sub-£;roups and their number and the number of their branches is usually 
small. (Plate XII, fig. 1.) 

Bariev Tvpes in Mesophytic A — T. 24, 21, 20, 12 and 7. 

Types in Mesophytic B-T. 1, 2, S, Chcvaliar and Chevaliai- Archer. 


Thus the mesophytic type of root-system may be defined as that which shows a 
luxuriant growth of shallow roots in the upper regions of the soil on which it 

depends for tlie moisture supply. 

IT. Send^-MesopJiytic type of root^system. Barley Types with the shallow root- 
system somewhat less developed and spreading horizontally in the surface of the 
soil and the deep root-system rather better developed than in the mesoph)diic type. 
Shallow^ roots are given out at right angles to the tillers as in the first type of loot- 
system, their length varying from 26 to 40 cm. ^The branches of these shallow roots 
are also at right angles to the main axis and are fewer and shorter than in the former 
type. The working depth is more or less the same as in the previous case, but the 
soil is not so densely filled with roots as in the former. The deep vertical roots go 
deeper in some cases, reaching as deep as 145 cm. and show a good deal of branching 
(Plate XII, fig. 2). 

Barley Types in this group- — T. 6, 18, 9, 13 and cultures 15-10, 14-1 and C-1. 
Here the root development is not only confined to the upper layers of the soil but 
to some extent the roots traverse the deeper layers as well. 

III. Semi-ocevopJiytic type of root-system. In this type the shallow roots are 
quite well developed but are given out at an obtuse- angle to the tillers, thus traversing 
the soil obliquely ; branching is quite abundant. Accompanying this well-developed 
oblique shallow root-system is an equally well-formed vertical set of deep roots ; 
the depth of the shallow roots as well as the deep roots is more than in the previous 
two types of root-systems. The uppermost laj^ers of the soil seldom contain any 
root branches. (Plate XIII, fig. 1). Types 22, 19, 16 and 7 and cultures S-1 and 
S-2 are included in this group. These t}Yes depend for their water supply on the 
lower layers of the soil more than the upper layers. The surface layers are not at 
all traversed by the roots. These tjrpes exhaust both the upper and lower strata of 
the soil, leaving of course the first few inches. 

IV. Xerophytic type of root-system. In this type the shallowy root-system is 
very poorly developed, shows little branching and the direction is oblique ; that is, 
the roots are given off at an obtuse-angle to the tillers. The deep roots are longer 
and larger in number, penetrating as deep as 170 to 190 cm. in some types. The 
working depth is greater than any of the first mentioned three types, varying from 
90 cm. to 110 cm. (Plate XIII, fig. 2). Types 23, 18, 17, 15, 11 and 4, and Culture 
1-10 are grouped in this division. These types more or less depend entirely for 
their water-supply on the low'er layers of the soil, and very scarcely affect the upper 
layers. 


PLATE XII. 



-Mesophytic ; 2— Semi-mesopliytic» 
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V. Relation to Locality. 

The habits of roots as those of shoots of a plant are no doubt modified to some 
extent by environmental factors, but they are primarily governed by the hereditary 
growth characters of the type to which the plant belongs, and only those types which 
are best suited morphologically and physiologically for a certain tract will be able 
to continue their existence during the course of evolution in that tract. 

This fact has been very well illustrated in the present study of the root-systems 
ill barley types. Types like T. 24, 21, 20, 12 and C-1, which have a very well- 
developed root-system, with their shallow roots growing at right angles to the tiller 
and traversing the surface soil somewhat in the horizontal direction, all belong to 
Bihar. In all these cases the set of deep roots is comparatively poorly developed. 
This shallow-rooting habit has been attributed to bad aeration of the Bihar alluvium 
by Howards [1917] ; what other factors are responsible for it deserves f urther inves- 
tigation. Water-content of the soil appears to be an important factor. There is 
enough moisture in the upper layers of the soil for the maintenance of the plant, so 
the necessity for the roots to go deejp does not arise, ilnother point which is worth 
notice is that out of the types in the Mesophytic B group which confine the develop- 
ment of their shallow roots to very superficial layers of the soil, Type 6 belongs to 
Nepal and the other four are exotics imported from Europe. Types placed in the 
Semi-Xerophytic and Xerophytic groups of root-systems which possess a very deep 
penetrating set of vertical roots and whose shallow roots instead of going at right 
angles to the tillers make an obtuse angle and traverse an oblique course in the soil, 
leaving the surface layers of the soil altogether free, have all originated from seed 
brought from drier parts of the country like Ajmere, Larkana, Ferozepur, Ludhiana, 
Lyallpur and Saharanpur. The oblique and downward direction of the shallow 
set of roots and the great length and branching of the deep roots indicate the tendency 
of the roots to go down in search of moisture to the deeper layers of the soil, owing 
to lack of water in the upper layers which are apt to dry in the hot season. Besides 
this where more sand occurs greater penetration results and plants root deeper. 
[Weaver, 1924.] 

Briefly, shallow-rooted types belong to localities where there is abundance of 
moisture in the surface layers of the soil, and deep-rooted types with oblique shallow 
roots are the inhabitants of drier regions where surface layers lack sufficient moisture. 

VI. Relation to Matueity. 

The deep-rooting habit and a long growing season and the shallow-rooting habit 
and a short growing period go hand in hand [Weaver, 1926, 1]. It has been observed 
that the barley types which are shallow-rooted are generally early ripening taking 
from 60 to 77 days to flower, with the exception of 5 types placed in Mesophytic-B 
whigh take 95 to 110 days to flower. These have originated from cold tracts, where 
the growing season is longer and naturally flowering is late. Types which are 
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deep-rooted and wliose shallow root-system is rather poor and goes obliquely are 
iate in maturity, taking from 78 to 105 days or more to flower. Barley Types like 
T. 1 1 , T. 15. T. 17 and T. 5 in which the shallow root-system is very poor take the 
ioiisest period' among the Indian types to head out. The only deep-rooted type 
which is early Sewering is Type 7 ; but in this, however, the shallow roots, although 
oblique, are Wy well-developed, and help in inducing early flowering. 

The’physiological explanation of this early and late flowering of the shallow and 
deep-rooted types, respectively, lies in the fact that the Mesophytic A and Semi- 
mesophytic groups where the shallow root-system is well-developed, take advantage 
of the abundant food and moisture supply of the upper layers of the soil and thirs 
complete their vegetative growth much earlier, after which the whole energy of the 
plant is diverted to its reproductive phase. The deep-rooted tyjres (xero and 
semi-xerophytic) which cannot take advantage of the nutrients in the upper layer 
due to their week shallow root-system have to wait till the vertical deep roots have 
attained their maximum growth, thus delaying the date of flowering. It has been 
observed by Lees [1927] that in oats and wheat the roots increase in length direetly 
vvith lateness of ripening. 

VII. Eelation to Habit. 

All the barley tj’pes when mature become erect in form but differences into erect, 
semi-erect, bushy and spreading are quite distinct during the early periods of growth. 
An effort has been made to establish if any relation exists between early habit of the 
tops and the nature of the root-system in the various types. The types which are 
generally deep-rooted and whose shallow roots are poor and spreading obliquely 
are generally bushy or spreading in early habit, with the exception of Types 7 and 
22 which are semi-erect. These types, moreover, are late in maturity. 

The less deep-rooted tjcpes with well-developed shallow roots spreading hori- 
zontally with the surface of the soil are generally erect or semi-erect in form in their 
early habit and flower at an early date. 

In other words, deep-rooted types are bushy or spreading in early habit, while 
shallow-rooted tjqies are erect or semi-erect in form in their early stages. 

VIII. Eelation to Height. 

It is a coramon belief that the root-system is the image of the shoot-system and 
the greater the depth of the roots the greater is the height of the shoots. A com- 
parative study of the root-system of the various types of barley, however, does not 
substantiate this view. There are types with deep roots and short tops and these 
are not uncommon. The only thing that may be said about the relation botweou 
the height of the tops and the depth of the roots is this that tjq)es whose maximum 
root depth is more than 160 cm. are at least 90 cm. in height with the exception of 
Type 7 whose maximum depth is 160 cm. and the average height of its top.s is only 
79 cm. It should not he understood that all types which are 90 cm. or inoK? in 
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keigM are necessarily deeiJ-rooted, for there are types like Types 24, 20 and 13 
wMch. are not verj;^ deep-rooted but whose tops attain quite good heights. Weaver 
[1926, 3] has observed that shoot development and yield are coiTespoiidiiigly reduced 
with the depth of root penetration in barley. 

Another fact w'hich'has been noticed is that types with niesophytic type of root 
system 'ivhich are well adapted to Pusa conditions have steadity gained in height, 
and those in w^hicli the root-system is of the xerophytic or senii-xerophjiic nature 
have either decreased in height or have hardly maintained the same. This is well 
illustrated by the following graph which shows Types 12, 20 and 21 (mesophjrfic) 
showing gradual increase in their heights and Types 15, 19 and 23 (xerophytic or 
semi-xerophytic) in w^hich the heights have either decreased or have remained almost 
the same. 
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mPh SUfJk/IMG WE RELATION OF HlfGHTAND TYPE OF ROOT SYSTEM IN OiffmW YEARS, 


Pig. 1. 

IX. Relation to Yield, 


Differences of yield in different types may he due to a number of factors, but the 
accompanying data show clearly that there is a defiiiite correlation between the 
yielding capacity of a type and the nature of its root-system. Types placed in the 
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first group of mesophytic-A and semi-mesopkytic root-systems are amongst tlie 
liigliest yi elders at Pusa. They possess a very well-developed shallow root-systemj 
their roots extending from 30 to 40 cm. on all sides of the plant and branching pro- 
fusely. On the other hand, types placed in the second group with semi-xerophjd}ic 
and xerophytic types of root-systems are generally low yielders with the exception of 
Types 7 and 22. Although these types are very deep-rooted, they possess a strongly 
developed shallow system which, however, differs from the shallow system of the 
first group hy the oblique direction of its roots. 

It should not be understood from the above statement that all deep-rooted types 
must be low yielders everywhere. These types may give much better results in 
drier tracts of the country and the shallow-rooted types which top the list in yield 
trials under Pusa conditions may prove an utter failure in tracts w’here the mois- 
ture is not enough in the upper layers and the growing season is long. The physio- 
logical explanation of the fact that types which have a well-developed root-system 
and a poor deep penetrating root-system do not do well in dry tracts, is that at the 
time of flo'wering the season becomes very hot, the surface layers in which the roots 
are most abundant become devoid of moisture and there are not enough roots in 
the lower layer which would supply the needs of the plant during the grain-formation 
period ; consequently the yield suffers heavily. 

The reason of low yields of the deep-rooting types in Bihar may be sought in 
the fact tbat their shallow root-system being poor they cannot take full advantage 
of the moisture in the upper layers and it takes a long time for the deep roots to 
attain their full growth. By the time the latter are in a position to supply the plant 
with its essential ash constituents and water, the hot winds set in, the balance 
between tlie absorbing and transpiring functions cannot be maintained, the shoots 
and the leaves begin to dry up, the supply of water and the mineral substances 
from the soil is hindered and hence the types suffer in their yielding capacity. 

X. SUMMABY. 

1. Eoot-systems of 30 types of barley were studied when the plants were mature 
and ready for harvest. 

2. Hays’ method of washing the roots with a stream of water from a knap-sack 
sprayer was found suitable. 

3. Eoot-system in each type consisted of two sets of roots, the shallow roots and 
the deep roots. 

4. Each type could be placed according to the character of its shallow roots and 
deep roots and the direction of the shallow roots, in one of the following four 
classes : — 

I. Mesophytic type of wot-system — shallow roots well-developed and given off 
at right angles to the tillers ; deep roots comparatively poor. 

(i) Mesophytic-A,—woikmg depth 80 to 90 cm. 

(ii) Mesopliytio-B.—wotking depth 50 to 60 cm. 
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II. Semi-rmsofliytic tyfe of root-system — shallow roots poorer than the first ; 
deep roots poor but better than the first in number and branching. 

III. Semi-xerofhytic type of root-system — shallow roots well-developed, given 
off obliquely downwards ; deep roots greater in number than I and II and longer. 

IV. Xerophytic type of root-system — shallow root-system poor ; deep root-system 
generally deep penetrating and well-formed. 

.5. Shallow-rooted types with the shallow roots spreading at right angles to the 
tillers generally belong to Bihar or localities with abundant soil-moisture. Deep- 
rooted types with poorly developed shallov^ roots which go out obliquely at an obtuse 
angle to the tillers, have originated from the seed brought from drier tracts of the 
United Provinces, Punjab, Sind and Rajputana. 

6. Shallow-rooted types are earlier in maturity and date of flowering, while the 
deep-rooted types take a longer period. 

7. Shallow-rooted types are erect or semi-erect in early habit, while the deep- 
rooted tjqjes have a tendency to be spreading or bushy iu the early days of their 
growth. 

8. There is no definite relation between the height of the tops and the depth of 
the roots in different types. All deep-rooted types do not possess tall shoots and 
all shallow-rooted types are not short-shooted. 

9. Shallow-rooted types are amongst the highest yielders at Pusa and the deep- 
rooted types with poor shallow roots do not fare well in this place. 

XI. Desceiption op Root Habit in Baeley. 

I. Mesophytic — A. 

Type 24. Distinction into shallow set and deep set of roots is very definitely 
marked ; shallow root-system better developed and goes horizontally in the surface 
soil ; vertical root-system is poorly developed ; can work well only iu such conditions 
as prevail in Bihar alluvium. 

Deep roots — 

Maximum depth . . . . , , . , . , ^05' 

Working depth 

Shallow roots — * 

Spread . . . . . . . , . . . 30 

Beptii ' * 23 

Type 21. Shallow root-system very well developed and profusely branched in 
first 1| ft. of the soil ; direction of the shallow roots is somewhat at right angles to 
the tillers ; deep root-system is not well developed ; there is very sparse branching 
after 90 cm. 


Deep roots — cm. 

Maximum depth . . . . . . . . . , 130 

Working depth , . . . . .... 85 

Shallow roots — 

Spread . . , . . , . . , , . . 43 

Depth . . . . . . . . , . , . 29 
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Tyfe 20. Siallow root-system is very well developed and 
tion to the surface soil; vertical roots are not so well developed 


Deep root'S— 
Maximum depth 
Working deptli 


Slialiow roots- 
Spread . 


Depth 30 

Tyfe 12. Shallow root-system is very well developed and spreads very profusely 
all around the plant; direction of the shallow roots is horizontal ; vertical root- 
system is less developed than the shallow root-system, but is quite vigorous. 

Deep roots — , cm, 

Maxiimi in depth . . . . ' 130 

Wkaidng depth . . . . . ... . . 91 

Shalloiv roots — , 

Spread 4'2 


Appears to he quite suitable for Eastern United P,roviiiC8S and Bilia: 


MESOPHyT.ic-”B. 

T^pe 5. Sliallow root-system is very well developed., : 
liorizoiitally in tlie soil/ traverse a long distance tortiioiislj'’ 
vertical root-system is meagre in development. 


eep roots — ^ 
Maximum deptli 
’Working depth 


Depth 
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Tifpe 2, A selection from European barlej?' ; shallow root-systeiii is only poorly 
developed ; vigorous roots are confined to the first 15 cm. of the^ superfieiai soil 
only ; deep root-system is also poor in development, but better thm Clievalier. 


Deep roots— .. cm. 

Maxlintim depth, . . . . . . . . ■ . , ■ 122 

Working depth .......... 62 

S.iia.IJ.o'w roots — 

Spread . .......... . 34 

Depth „ ■ .26 


Type 1 (Two-rowed),' Eoots well developed in the first one foot of the soil; 
shallow root-system more vigorous than the vertical which is rather poor ; shallow 
roots take up a more or less horizontal direction to the tillers. 


Deep roots — cm. 

Maximum depth ' . , . . . . . . . . 112 

Working depth, . . , . . . ... . . 50 

Sliallo'W' roots — 

Spread ............ 35 

Depth ■ . . ' . . . . . ■ . . ‘ . . . 23 


Chevalier, 'The shallow root-system is very well developed; filling up the 1| 
ft. of the top soil with iiiiinerous roots ; direction of shallow roots is parallel with 
surface layers of the soil ; tlie deep roots are rather poorly developed and less deep. 


Deep roots — cm. 

Maximum depth. .......... 95 

Working depth .......... ,58 

Sliaiiow roots — 

Spread 50 

Depth . . . ... . . . . . . 28 


Chemlier-Afeher. Shallow root-system moderately developed with . slightly 
oblique shallow roots ; vertical root-system shows poor development, but better 
than ChevaHer. 


Deep roots- — cm. 

Maximum depth . ■ . . , . . . . 125 

'Working flepth ■ . . . . 60 

Shallow roots — 

.Spread. 45 

; "Depth „ , , . . . , , . , , • . 29 
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II. Semi-Mesophttic. 

Ty^e 13. Shallow root-system is better developed than the deep root-system 
the direction of the shallow roots is at right angles to the tillers ; general outlook of 
the root-system is not very promising, branching rather poor. 

Deep roots— 

Maxlmniia depth . . • <• • • » . ' « » 130 

Working depth ^ ® 85 

Shallow roots— 

Spread . . * , . • , » v • * • . • * ' 

Depth . . ; h . . . - , . • . o • , 22 

Tyfe 9. SMllow, root-system quite well developed and slightly oblique in direc- 
tion nearly at right angles to the tillers ; deep roots are also quite vigorous, but poorer 
than the shallow root-system. 

Deep roots — cm. 

Maximum depth 140 ... 

Working depth v 89 

Shallow roots — 

Spread . . . . . 44 

Depth ....... . . . . . ’35 

Eoot-system on the whole very promising, may suit Bihar and United Provinces 
conditions remarkably well. 

Tyfe 8. Shallow root-sysfcem is quite well developed and is more or less at right 
angles to the tillers ; deep set of roots is equally well formed. 

Deep roots — cm. 

Maximum depth • . . . . . , . . . 140 

Working depth . ' . , . ■ 98 

Shallow roots — ^ 

Spread . 39 

Depth ........... . 25 

Type 6. Shallow, root-system is better developed than the deep vertical root- 
system, which is quite deep but sparsely branched ; direction ■■ of shallow roots is at 
right angles to the tillers ; root-system is on the ?v]iole less vigorous and meagrely 
branched. 

Deep roots— „ cm.. 

. Maximum depth,, ■ . . . .. . . . . . 137 

Working depth . , ... . . . . . « 88 

Shallow roots — 

Spread. . ..... . , . . ... . 30 

Depth . , , , , , . . , . ... . , . . . 22 
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Ckdture lf5-10. Shallow root-system poorly developed, but is near tlie surface 
iTinniiig at right angles to the tillers ; deep set of roots moderately developed ; not 
very promising on the w^hole. 

Deep roots — em. 

Maximum depth . . 140 

WorMng depth 90 

Shallow roots — 

Spread 35 

Depth ' . 23 

Culture C-L Shallow^ root-system is very well developed and the shallow roots 
are only slightly oblique ; deep vertical root-system is also quite vigorous, but the 
shallow system is more prominent. 


Deep roots — cm. 

Maximum depth .......... 145 

Working depth . . 102 

Shallow roots — 

Spread ............ 44 

Depth 32 


A promising type of root-system — may suit eastern United Provinces and Bihar. fj 

CulUwe li-1. Shallow root-system is poor and less branched ; roots going some- 
what horizontally in the few inches of surface soil ; deep root-system is more vigor- !:| 

ous, the deepest roots penetrating as deep as 145 cm. 


Deep roots — cm. 

Maximum depth . 145 

Working depth 102 

Shallow roots — 

Spread . 28 

Depth , 22 


III. Semi-Xeeopiiytic. 

Ty^e 22. Shallow root-system is quite well formed but is somewhat oblique in 
direction and less vigorous than the vertical deep root-system ; roots of the deep 
set penetrate deep but are not so profusely branched. 


Deep roots — cm. 

Maximum depth . . . . . . . . . . 170 

Working depth . . . 120 

Shallow roots — ^ 

Spread . . . . . . • • • • • • 40 

Depth . . . . , . . . . . . . 29 
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This type of root-system is very desirable in tracts where soil and atmospheiic 
conditions are uncertain ; it will do well in dry as well as wet soils. ^ ^ 

Tm‘‘ UK Shallow root-system is very vigorous, but the direction of the shallow 
roots' is very oblique ; few branches occur in the upper layers of the soil ; vertical 
root-system is also well developed ; root-system quite vigorous on the whole. 


Blfixloiiim depth 
Working depth 

Blni'liow roots — 

8 p read . 


Tyfe 16. Shallow root-syStem is quite moderately developed ; accompauied 
with this is a well- developed and profusely branched deep set of roots ; direction of 

shallow roots is .rather oblique. 

Deep roots — • 

Bfa..ximiim depth 

Working depth * 

Shallow roots- — ■ 

Spread . . . : . . . • , • • , , 

Depth . . . . • 

Type' 7, Shallow root-system is very well developed and profusely branched ; 
the direction of the shallow roots is cJiaractensticciUy oblique] along with this the 
vertical root-system is also very vigorous and deep penetrating; appears to be a 
promising type, very well suited to dry conditions and apt to give quite tolerable 
results in wet conditions. 

Deep roots — 

Maximum depth . . . . . » . . • • 

W'orking depth ........... 96 

Sliallow roots — 

Spread 42 

Depth . 31 

Ciiltufe 8-1. Shallow root-system is quite vigorous but oblique in direction ; 
this oblique direction of the shallow roots is very well marked ; the deep roots are 
deep penetrating but not so well branching. 

Deep I’oots — ' cm. 

Maximum depth . . ■ . ■ . . 162 

Working depth . . . ... . . . « 90 

Shallow roots — 

Spre-ad . . ... . » . .. 44 

■ -Depth . f . . . . ■ r . . , . . . So 


rl 


ftOOt-SYSTBM OF INDIAN BARLEYS 


105 


Culture S-2. Shallow root-system is vigorous but markedly oblique in direc- 
tion ; vertical root-system quite deep penetrating. 

Dee^p roots — cm. 

Maximum depth 1S2 

Working depth 102 

Shallow roots — 

Spread ............ 44 

Depth ............ 

IV. Xekophytic. 

Type TL Shallow root-system is less developed than the deep root-system and 
is oblique in direction ; root-system on the whole is feeble in development and 
vigour. 

Deep roots — cm. 

Maximum depth . . . 145 

Working depth 90 

Shallow roots — 

Spread 28 

Depth 20 

Tyfe 18. Shallow root-system poorly developed with somewhat oblique shallow 
roots ; deep roots more vigorous and deep penetrating. 

Deep roots — cm. 

Maximum depth . . 158 

Working depth . . . , . . . . . . iOO 

Shallow roots — 

Spread 28 

Depth 25 

Type 23. Shallow root-system is very poorly developed and shows little branch- 
ing ; the direction is oblique ; vertical root-system is very vigorous and well 
formed. 

Deep roots — cm. 

Maximum depth ... ....... 158 

Working depth . . . . . . . . . . 110 

Shallow roots — 

Spread 26 

Depth . . . . . . . - . . . . 22 

May do well in drier parts of the country where zeropbytic conditions prevail. 
Type 15. Shallow root-system is poor, shows little branching in the upper 
layers of the soil and is oblique in direction ; vertical roots are well developed. 
Deep roots— cm. 

Maximum depth . . . . . . . . . . 165 

Working depth . . , . . . . . . . 95 

Shallow roots — 

Spread , . , , , . . . . . 26 

Depth . » . . . . . . . 28 

. K 
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Type. IL Shallow root-system is rather poor and its roots go obliquely in the 
fioilj the surface 5 to 10 cm. of the soil contains no rootlets ; the vertical root-system 
is %^ery strongly developed- and well branched and vigorous. 

Deep ' roots— cm , 

. Maxlmiini depth . . . ' . . . . . . . 147 

Working depth .......... 95 

Shallow roots — 


Depth 28 

Type 4. Shallow roots quite well developed but the direction is markedly 
oblique ; deep roots do not go very deep. Upper layers of the soil have few roots 

Deep roots- — -cm. 

Maximum depth .......... 105 

W'orkmg depth .......... 70 

Shallow roots — 

Spread SO 

Deptli 27 

Culture 1-10. SJiallo-w root-sjstem is comparatively poor in development and 
roots of this set run obliquely in the soil, leaving the upper few inches without any 
branches ; the vertical set of deep roots is very well developed and vigorous in 


Deep roots — 
Maximum depth 
l^Vorkiiig depth 
Shallow 1 ‘oots — 
Spread . 

Depth 


Summary of observations in Barley Typ 
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I. Preface. 

Work on taria and swrson m the Punjab, an aspect of which forms the subject 
matter of this publication, was originally started in the year 1910 by Mr. D. Milne, 
C.I.E., then, and for a long time after, Economic Botanist to Government, and 
now Director of Agriculture, Punjab. He collected a number of local varieties of 
these crops and introduced into the Province two varieties of Japan rape, which 
later found great favour with farmers for certain special purposes. Observations 
made on the above collection by him and author No. 1 of this paper, who worked 
under Mr. Milne for several years, had shown that considerable crossing occurred 
in the field in these two crops and that it was very difficult to keep the various 
varieties pure. However, as work on other more important crops such as cotton, 
wheat, barley, gram, etc., claimed priority of attention in those days, no detailed 
breeding investigations of the type recorded in this publication could then be under- 
taken. On the appointment of authors Nos. 2 and 3 about the year 1926, work on 
these two crops was started in detail and further developed, record of which is to be 
found in the Reports on the operations of the Department of Agriculture, Punjab, 
Part II (Annual Record of Experimental Work). Since 1929, this work has been 
in charge of author No. 1 and the account given in the present publication is an 
attempt to record the findings up-to-date in a combined form. As little record of 
previous work is available on these two crops, it is hoped that the present work 
would be a useful contribution towards the elucidation of breeding problems con- 
nected with them. 

Our thanks are due to Mr. T. A. Miller Brownlie, Principal, Punjab Agricultural 
College, Lyallpur, who kindly arranged for Mr. Nasir to do the photographic work 
for us. His help has been most valuable. 


II. Inteoduction. 

Of the oil-seed crops grown in the Punjab, toria and sarson are by far the most 
important. Toria is chiefiiy grown in the canal colonies and occupied an area of 
622,621 acres in the year 1928-29, out of which 611,621 acres were irrigated. Sarson 
is sown almost all over the Province except in the hiUs. The area under this crop is 
not separately recorded in the official records but is given with taraniira {Eruca 
Saliva) and rai (Brassica juncea). The total area under these three crops during 
the year 1928-29 was 1,099,471 acres, out of which 91,884 acres were irrigated. 
The fact that sarson is generally grown mixed with gram, barley, or wheat, and 
rarely alone, makes the determination of exact area under this crop rather difficult, 
but a rough estimate of its acreage in the various districts, which has kindly been 
supplied by the Deputy Commissioners, is given below in Table I, along with 
figures for toria. 
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Table I. 


Acreage under toria and sarson in different Districts in the Punjab during the gear 

1928 - 29 . 


District 

Toria 

SA’^ISON’ 

Irrigated 

Unirrigated 

Total 

Total 

Hissar 





31 

1,090 

1,127 

33,061 

BiOhtak . 



. 


. . 

. . 


10,313 

Gurgaon . 





1 

237 

238 

1,12,727 

Kama! . 





2,756 

1,428 

4,184 

15,300 

Ambala . 





858 

1,305 

2,163 

1,361 

Simla 





, . 

. , 

. . 

. • 

Kangra . 





19 

4 

23 

5,865 

Hoshiarpiir 





95 

1,052 

1,147 

2,471 

Jiillundiir 





13 

8 

21 

678 

Ltidhiana 





47 

2 

49 

7,723 

Ferozepur 





7,707 

2,031 

9,738 

20,661 

Lahore . 





51,192 

42,729 

93,921 

Not avail- 









able. 

Amritsar 





40,741 

12,557 

53,298 

2,411 

Giirdaspur 





10,691 

5,110 

15,801 

12,270 

Sialkot . 





8,486 

7,849 

16,335 

^‘2,906 

Gujranwala 





30,311 

7,331 

37,642 

5,185 

Sheikhupura 





68,378 

10,744 

79,122 

3,756 

Gnjrat . 





35,978 

3,834 

39,812 

6,481 

Shahpur . 





47,314 

2,312 

49,626 

3,211 

Jhelum . 





. . 



5,825 

Rawalpindi 








10,764 

Attook . 





, , 


1 . , . 

15,165 

Mianwali 





* , 

*’ 24 

1 ’ 24 

4,041 

Montgomery 





55,432 

5,605 

61,037 

6,530 

Lyallpur 





121,784 

2,265 

124,049 

12,222 

Jhang 





6,438 

1,680 

8,118 

483 

Multan . 





23,271 

662 

23,933 

792 

Muzaffargarli 




« . 

78 

537 

615 

1,180 

Dera Ghazi Khan 




•• 

125 

125 

3,572-^ 



Grand Total 

• 

511,621 

110,527 

622,148 

305,954 


Toria seldom vsucceeds witlioiit irrigation and is more liable to suffer from cold 
and frost. It is therefore usually sown earlier than other rabi (winter) oibseed crops 
and is treated as mid hharif (autumn crop). It is generally sown in September and 
harvested in December- January. 

Sarson is usually sown in October-November, almost entirely on unirrigated 
land, and is harvested in February-March. When sown mixed with other crops, 
the seed is dropped in furrows made by a plough at intervals of four or five feet 
throughout the principal crop. 

In addition to the extraction of oil from its seed, sarson is also used largely as 
fodder and vegetable. Toria ^ on the other hand, is almost entirely grown for extrac- 
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tioii of oil from its seed. Its importance lies chiefly in the fact that its produce is 
available for sale to the farmer -at a time when he badly needs money for paying off 
land revenue. (For other details regarding the cultivation, etc., of these crops 
refer to the Report on enquiries regarding Indian oil-seed crops ’’by author No. 
1 available from Government printing press, Lahore.) 

Nomenchture used.. For toria and sarso7i a good many botanical names have 
been used by taxonomists. In naming them Bmssica Najjus L. var: dichotonm 
Prain, and Brassica Campestris L. var. Sarson Prain, respectively, in this publica- 
tion, the authors have taken Prain [1898] as their authority, who must have had 
good reasons for choosing these names. 

III. Importance of studying modes of Pollination. 

The methods of improvement of a crop from the plant-breeding side depend to 
a large extent on the mode of pollination obtaining in the crop concerned. The 
embryo whidh gives rise to an adult plant results from the fusion of two (male and 
female) gametes or reproductive cells, whose constitution may be identical or differ- 
ent. In case these two gametes have habitually the same constitution, that is to 
say, the plant is self-fertilized from generation to generation, the like will produce 
like. The main process of bringing about improvement in such crop plants is in 
principle a simple one. It consists in selecting from the local material a large num- 
ber of plants differing from one another, multiplying their seed, subjecting them 
to suitable trials and thereafter choosing from among them for introduction into 
general cultivation one or more turning out to be the most suitable for the condi- 
tions obtaining in the locality concerned. In case there is occasional variation from 
this mode of pollination, the method is still applicable. On the other hand, if the 
two gametes fusing together are always different in constitution or frequently enough 
so, that is, a large amount of cross-fertilization occurs in the plant, one generation 
must be different from the other. In such cases, the evolution of unit species and 
maintaining them constant from year to year ■would be extremely difficult and 
almost impossible in practice ; and, from the further fact that almost all such unit 
species are knowm to be less vigorous than the naturally occuiTiiig heterozygotis 
material, the evolution of such unit species would not appear from the economic 
standpoint to be of primary importance. In such crops some sort of group-breed* 
ing would a^ipear to be the more practical and easier method of effecting improve- 
ment. 

IV. Review of past Work. 

Some excellent papers have appeared in Europe on the subject of fertility in 
the genus Brassica, but as tmia and sarson do not form the commercial crops of 
Europe and as it is known that in this genus of plants there is a wide variation in 
fertility from species to species or even between varieties within one and the same 
species, these papers do not exactly bear on the subject matter of this publioatioii. 
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111 India itself, where these two crops are commercially important, little work 
appears to have been done on the study of modes of pollination obtaining in them. 
The only reference available consists of some preliminary investigations conducted 
by Howard, Howard, and Abdur Eahman Khan [1910]. These authors say that 
'''■ sarson readily sets seed under bag and a certain amount of self-fertilization is 
therefore to be expected in free-flowering plants”. In toria, they say, setting under 
bag is not so easy as in rai {Brassica juncea) and sarson. 

V. Observations and Results. 

(A) Toria. 

Pollination and the floral characters affecting it. Examination of flowers shows 
that in the bud stage immature stamens are below the stigma with their pollen- 
liberating sides directed towards the style. As the flower opens, the filaments of 
the four long stamens increase in length and carry the anthers above the stigma. 
At the same time these anthers turn half round, so that their dehiscing smi’aces are 
tinned away from the stigma. This naturally eliminates the chances for the occur- 
rence of self-pollination. The remaining two short stamens, however, continue to 
have their sutural sides towards the stigma even after the flower has opened ; but 
their anthers remain much below the stigmatic surface. The mechanism is there- 
fore not greatly in favour of self-pollination. Each flownr has four nectaries. Nectar 
is profusely secreted by each of the two nectaries situated at the bases of the two 
short stamens. The other two nectaries situated at the bases of the pairs of long 
stamens do not appear to be functional. 

The flowers usually open between 8-30 and 10-30 a.m., and as the flowers open 
the anthers also begin to dehisce from the apex downwards. The dehiscence is 
usually complete by 12 noon. The flower remains fully open for a day and then it 
gradually begins to wither and on the fourth or fifth day after opening the sepals, 
petals, and stamens are shed off. By this time the fertilized ovary also increases in 
length. 

Part flayed by insects in pollination. As already pointed out above, the floral 
mechanism in toria is such as to reduce the chances for self-pollination to the mini- 
mum and therefore the flowers must dei3end on some external agency for bringing 
about pollination. Observations made in this connection show that insects play a 
great part in the pollination and that wind hardly plays any role, if at all, in this 
respect. The insects start visiting the flowers at 10 a.m. and are met with in largest 
numbers between 12 noon and 2 p.m. After 3 p.m. their number decreases consider- 
ably, so much so that after 4 p.m. hardly any insect can be seen visiting the flowers. 
Eor the collection of nectar, which is secreted by the nectaries on that day only on 
which the flower opens, the insects visit only the freshly opened flowers. It is 
interesting to note that an examination of the anthers of freshly opened flowers 
at about 3 P.M, shows them to be absolutely devoid of their pollen grains which are 
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evicleiitly (tarried away by the insect visitors. Thirteen kinds of insects have been 
found visiting iorla flowers. A preliminary examination of them kindly made for 
US by the Entomologist to Government, Punjab, shows that most of them belong 
to the natural order Hymenoptera. These have also been examined by him with 
a view to discover which parts of the body in the several cases are concerned in carry- 
ing the pollen grains. This enables us to gauge the activity of a particular insect as 
a pollinating agent. The information supplied by the Entomologist is given below 
in Table IL 



Table II. 


Insects visiting tmia jloivers 


Serial No. Natural order, etc., 
of the insect. 

! Hymenoptera 


2 Hymenoptera 

3 Hymenoptera 


4 Hymenoptera 

5 Hymenoptera 

(Oeratina viridissma). 

6 Hymenoptera 


7 Hymenoptera 


S Hymenoptera (Apidic) 


9 Hymenoptera 


10 Hymenoptera 

(Winged black ant) 


11 Lepidoptera 

(Danais butterfly). 

12 Lepidoptera 

(Jiinonia crithya) 

1 3 Diptera ( House, fly) 


and the various farts of their bodies found hesmeared with 
pollen. 

Parts of the body on which pollen is carried. 


Nearly whole body covered including wings. 

Third pair and ventral parts of the body more thickly 
covered over. 

Head. — Ocellar portion. 

Head. — Front and ocellar portion. 

Thorax. — Pleural, dorsal and ventral portions more thickly 
covered over. 

Abdomen. — ^Ventral portion more thickly covered over than 
upper part. 

Head. — Clypeus, ocellar portion and front. 

Thorax, — First two segments more thickly covered over. 

Legs. — ^Tarsiis of second and third pair of legs. 

Abdomen. — ^Ventral side of last segment. 

Head. — Front, clypeus, antennae. 

Thorax. — Prothorax-pleural sides ventral and dorsal sides. 

Legs. — ^Tibiae of first and second pair only. 

Head-frontf chjpeiis-ihorax. — Dorsal (prothorax shield) and 
ventral portion-first segment. 

Legs. — Femur, tibiae tarsus of second and third pair. 
Abdomen. — Tip of abdomen and first segment ventral portion 
only. 

Head. — Ocellar portion, clypeus, front. 

Thorax. — Dorsal side sparsely and ventral portion all covered 

over. 

Legs. — 2nd and 3rd thickly covered over. 

Abdomen. — ^Ventral portion covered over. 

Ocellar bristles. 

Thorax. — Dorsal, only bristles of prothorax. Pollen grains 
in small numbers only. 

Legs.--~A\\ the parts thinly covered over. Tibi» and tarsus- 
had more pollen grains. 

Head. — ^Tip of mouth parts. 

Thorax. — Prothoracic portion only. 

Legs. — First pair only. 

Abdomen. — Tip of the abodmen. 

Head. — Only tip of the tongue. 

Only tip of the tongue slightly covered over. No other part 
of the body had a single grain of pollen. 

No pollen. 








ch of a toria plant showing podless gaps (A) brought Fig. 2. A toria plant showing fruit lorniation under thre? 

intervention of cloudy, humid, rainy weather during treatments • — 1 , selfed by hand ; 2, bagged only ; 3, crossed. 
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Besides these insects, Thrips ha^e also been met with in toria flowers. But 
the part they play in the pollination has yet to be ascertained ; investigations on this 
point are in progress. 

Detailed observations were recorded during the year 1929-30 with regard to the 
frequency of insect visits to flowers. For this ' purpose, a number of individual 
flowers and also inflorescences were earmarked at different places in a field and the 
number of insects visiting them per hour was recorded for about a fortnight from 
9 A.M. to 5 p.M. daily. The results show that, on the average, an inflorescence and 
a flower were visited by insects 71 and 26 times respectively per day. The frequency 
of insect viAsits is so great that there is absolutely no chance for a flower to escape 
pollination through the agency of insects. It may, however, be pointed out that 
the activity of insects is largely controlled by weather. It has been definitely as- 
certained that very few inisects come out to visit flowers on cloudy days and, even 
if some insects do come out at all, they remain lethargic. A comparison of the 
number of hourly visits by insects to an individual inflorescence on a cloudy and a 
clear day is given in Table III below 


Table III. 

Gofripamon of the frequency of insect visits on a cloudy and a dear day. 

Kind of Number of insect visitors between. 

Weather 

9 and 10 and 11 and 12 a. m. 1 and 2 and 3 and 4 and Total 

10 a.m. 11a.m. 12 a.m. and 1 p.M. 2 p.m. 3 p.m. 4 p.m. 5 p.m. 

Clear day ... 13 20 29 42 28 21 . , 153 

Cloudy day . . . . . 1 . . . . 2 . . . . 3 

It is apparent from the above that the number of insects visiting the flowers on 
a clear day is far greater than those visiting the flowers on a cloudy day. Natural- 
ly, therefore, whatever setting occurs on cloudy days takes place from natural 
self-pollination, whose extent in this crop, as will be shown later, is very little. 

Weather as affecting pollination and yield. From the above facts it follows that 
the intervention, during the blossoming period of toria, of long spells of weather 
containing cloudy, humid, or rainy elements would decrease tiie percentage of sett- 
ing. It has actually been observed that the flowers opening on a cloudy, humid 
day do not set into pods, with the result that, if such Aveather lasts sufficiently long, 
considerable podless gaps appear on the fruiting branches (Plate XIV, fig. 1) and 
the yield is considerably reduced. Average yields of toria crop at the Lyallpur 
Agricultural Farm worked out for the years 1925-26 to 1929-30 and the experience 
of Jfarmers round about Lyallpur considered along with the number of cloudy days, 
humidity, and rainfall during November months (when most of the flowering and 
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pocl-scttiiig t-akes place in ioria) of these years, seem to confirm this observation. 
Average yields of toria obtained at the Lyallpur Agricultural Farm (in no case from 
less than 15 acres) with weather data are as follows, with humidity shown in Fig 1. 





No. of cloudy No. of rainy 

Total rain fal’l 

Average 

Year 



days ill d,ays in 

. ill indies in 

yield per 




November November 

November 

acre 






Mds. sr. cli. 

1925-20 . 


• . 

14 3 

0«54 

9 27 0 

1926-27 . 



7 

. . 

10 32 0 

1927-28 . 

, 

. . 

7 

. . 

10 9 0 

1928-20 . 



16 4 

2-14 

7 22 0 

1929-30 . 

. 

, 

n 


12 34 0 


Further details of weather data are given in statements appended at the end. 

From the above it will be seen that, of the years under consideration, the years 
1928-29 and 1925-26 which gave the lowest yields had in November the greatest 
rainfall, and the largest number of rainy and cloudy days. Of these two years, 
humidity data are available for 1928-29 only (Fig. 1) and it will be seen that the 
humidity for the November of this year is the highest of all the remaining years. 
On the other hand, November months of the remaining three years which yielded 
decidedly better than the first mentioned twm years had the least of these adverse 
climatic factors. Of the latter years, the cloudiness of 1929-30 is decidedly over- 
represented by the actual figures of cloudy days given, as from personal observa- 
tions made by the authors it is known that whenever there were any clouds during 
November of this year they generally disappeared each day about noon, with the 
result that though the daily visits of insects were delayed yet the pollination was not 
intrefered with as the insects came in larger numbers in the afternoons. 

It is not possible to say definitely whether the reduction in setting owing to the 
intervention of cloudy, humid, rainy weather is entirely due to the consequent 
reduction in the visits of pollinating insects or to the increased humidity of the at- 
mosphere also, as the experiments of crossing flowers was not carried out on such 
days. It has been ascertained, however, that, unlike cotton pollen, tmia pollen 
grains do not burst on coming into contact -with free water. From this it appears 
likely that the above mentioned reduction in setting is simply the result of reduction 
in the visits of pollinating insects. 

The weather in the period immediately followung setting, that is in the month of 
December, is also of importance in so far as the development of pods is concerned. 
Demand for food materials required for filling up the pods is greatest at this time, 
and the prevalence, at this stage, of unfavourable conditions such as drought and 
deficiency of soil moisture is sure to reduce the yield by cutting down food supplies 
and by increasing the liability of the crop to suffer from early frost. It is interestin<f 
to note in this connection that the season in this respect has been most favourable 
during the year 1929-30. This fact, coupled with the favourable conditions pre- 
valent during the month of November of this year, seems to be responsible for the 
highest yield obtained this year. The number of rainy days and the total amount of 




Humidities at Lyallpur 






118 ^OtJBNAL OF AGEICtJLTtJRAL SCIE.NCF [I, t 

rainfall during the niOEtli of December in the fi.ve years under consideration were as 
follows :~ 

December 

Ye&r No. of rainy clays Total raInfaU in 

indies 

1925.26 

1926-27 , ' . . . . . . ■ . . ' , 2 0-06 

1927 - 28 ^ 0*43 

1928 - 29 ^ 

1929 - 30 

From the foregoing it appears that the yield in loria is largely determined by 
weather conditions obtaining during the months of November and December. 
Apparently other things being equal, clear sunny weather from about the end of 
October to about the end of November and a moderately humid season and a good 
water supply during December are ideal conditions for obtaining high yields in this 
. ■ crop. 

(B) Sarson. 

Pollination and the factors concerned. The floral mechanism in all brown-seeded 
forms of sarson that have been under observation so far is the same as in toria so that 
the chances for natural self-fertilization are few. But one form of sarson, which is 
yellow-seeded and is commonly grown towards Eawalpindi side, has been found to 
differ in this respect. In this case, the pollen-liberating sides of the anthers of the 
long stamens remain towards the stigma even in a fully opened flower. These anthers 
at the time of dehiscence meet over the stigma and then begin to turn away from the 
stigmatic surface, each forming a sort of coil. A little-before, or during this process, 
some pollen drops on the stigma so that a certain amount of self-fertilization is to 
be expected. The anthers of the short stamens do not, however, reach the stigma 
and therefore do not appear to take any part in this self-pollination. As regards 
mode of pollination, all sarso^ns, with the exception of this particular form, have 
been found to behave in almost the same manner as toria. About 26 different kinds 
of insects were found to visit sarson flowers in the year 1929-30. A collection of 
these is under study, and experiments have been started to discover the part played 
in pollination by each insect. The results will be given out in a separate note. The 
fact, however, stands that insect visit is essential to obtain satisfactory setting in 
sarson as is the case in toria, 

VI. Self and oross-feetilizatioh in Toria and Sarson. 

In order to explore the possibilities of isolation of pure lines in tmia and sarson, 
attempts were made to secure self-fertilized seed of them by enclosing plants in 
muslin bags. It was repeatedly observed that in these two crops, excepting in 
one form of sarson, which is yellow-seeded, little setting results and consequently 
a sufficient supply of seed from single plants cannot be obtained. Percentage of 
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setting under bag was determined in each of the years 1926-27 to 1929-30, iiiclugive, 
and the figiii'es obtained are given in Table IV below 

Table IV- 


Results of setting under hag in Toria and Sarson for the years 1926-27 to 1929-30. 


■ 

j 

Year 

Tokia 



Sarson 



No. of 

No. of 

Percent- 

Brown-seeded 

FORMS 

Y^ELLOW -SEEDED FORM 

■ P 


flowers 

bagged 

pods 

set 

age of 
setting 

No. of 
flowers 
bagged 

No. of 
pods 
set 

Percent- 
age of 
setting 

No. of 
flowers 
bagged 

No, of Percent- 
pods age of 

set setting 


1926-27 . 

3,328 

282 

8*4 

10,855 

1,773 

16-3 

38 

38 100 


1927-28 , 

7,357 

],147 

15-5 

606 

185 

30-5 

162 

135 83-3 


1928-29 . 

8,052 

677 

8*4 

1,137 

263 

23*1 



fr'!, . 

1929-30 . 

1,019 

277 

27-1 

3,614 

1,047 

28-9 

.. 


■ 

Total (or 

19,756 

2,383 

12-1 

16,212 

3,268 

20*1 

200 

173 86-5 

w 

average). 









- 1 
' 1 


From the figures in Table IV it will be seen that on the average of four years there 
is a pod-setting under bag of 12T per cent, and 20 T per cent, respectively in toria 
and brown-seeded sarsons. It may be pointed out, however, that the actual setting 
is very much less than this because the pods, which succeed in setting inside bags, 
contain only a fraction of the number of seeds W'hich pods formed by free-flowering 
plants do. As will be seen from Tables given later on, in toria and sarson for every 
one normal seed formed inside bag, about 40 and 27 seeds respectively are formed 
outside on free-flowering branches, ^ 

It is possible that some of the very small, poor, and shrivelled seeds obtained 
from selfing, if made to germinate under suitable conditions and specially nursed, 
may give rise to haploid plants as Jc/irgensen [1928] found to be the case in the genus 
Solanum, 

With a view to determine whether the very poor setting obtained under bag 
was entirely due to the floral mechanism providing few chances for pollination or to 
some other cause also, and also to find out if with the aid of artificial self-pollina”' 
tion self-fertilized seed from individual plants could be had in quantities sufficient 
to permit of the isolation of pure lines, certain experiments were carried out on a 
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number of toria plants in the year 1927-28. In each case, on one and the same plant 
different branches were accorded one of the three treatments. One branch was left 
free-fio Wiring, i.e., open to the visits of insects ; a secoinl one was bagged but 
otherwise left untouched ; while the third was bagged but flow'ers on it were each 
day self-pollinated by a cameFs hair brush. The results so obtained are given in 
Table ¥, from which it will be seen that on the average, for every 100 flowers treated, 
artificial selling by means of hand-pollination increased the amounts of both pod-set- 
ting and seed production from 14-5 and 27 to 33-6 and 90 respectively. But this 
result remains far short of that (i.c., 66 pods and 1,086 seeds formed per 100 flowers) 
obtained from free-flowering branches, left open to the visits of insects. It will 
also be seen that, while artificial selfing appreciably increased pod-setting, seed 
production per pod it increased very little. This shows that pod-formation and 
seed-formation in tofia were in these experiments largely independent. Such was 
found to be the case by Nelson [1927] in some selfing experiments with some other 
forms of the genus Brassica, 

In these experiments some damage occurred to flowers due to handling or some 
other cause and such damaged flowers have been included in the above figures in 
the class of failures. Taking this damage out of account, production of normal 
seeds was as follows : — 

Every 100 bagged flowers gave on the average 40 normal seeds. 

Every 100 bagged but artificially selfed flowers gave on the average 186 normal 
seeds. 

Every 100 nnbagged flowers open to the visits of insects gave on the average 
1,269 seeds. 

These figures, though slightly different, are of the same order as previous ones 
and lead to the conclusion that in toria even self-pollination by hand does not pro- 
duce an appreciable amount of seed. During the artificial selfing of flowers on any 
individual plant, the hair brush was not sterilized in going from one flower to another 
and therefore it is justifiable to conclude that in a good many cases, if not in all 
practically, pollen grains and stigmas of different flowers must have come into 
contact. If there is any difference in time of maturity between pollen and stigma 
of the same flower, this as a cause of self-sterility must be ruled out. 

In order to see whether the poor setting under bag, with or without artificial 
selfing, was in some way due to the effect of bags used for enclosing the branches, 
experiments were arranged to compare the following three treatments 
{a) Blowers were bagged only. 

{b) Flowers were artificially selfed by hand under bag. 

(c) Flowers under bag were crossed with pollen from other tor plants. 

In each set of these experiments the three different treatments were given to 
flowering branches on the same plant and the muslin bags used were in all cases 
of the same and ordinary sort as are used in the Botanical Section, Lyallpur, for 
bagging toria and sarson plants. The results obtained are given in Table ¥1, Irom 
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which it will be seen that crossed flowers under bag gave an excellent settings im- 
mensely greater than in the cases where setting depended on selfiiig alonej natural 
or artificial. It wall also be -seen that while artificial selfing appreciably increased 
pod-setting, it made no increase in the production per pod of normal seeds. Cross- 
ing under bag gives not only an immense improvement in setting, but the pods 
formed are also much bigger and better developed (Plate XIV, fig. 2 and also 
Table VIII). From Table VIII it will be seen that '' selfed ” pods have about 
half the length of those crossed ’’ and that the loss in length which results from 
selfing is mainly confined to the seed-bearing portion of the pod. 

The foregoing results leave no doubt that bags interfere in no- way with ferti- 
lization and pod and seed development, and that the toria plant is highly self-sterile 
and only partially self-fertile. 

Similar experiments were conducted in 1929-30 on sarson, results of which are 
given in Table VII. It will be seen from this Table that these results are exactly 
similar to those obtained in the case of toria. It will also be seen that even slightly 
better pod-setting and seed-production were obtained with crossing than in the case 
of free-flowering branches, which is plausible on the assumption that in the case 
of free-flowering branches a small number of flowers must hawe been partly polli- 
nated with their own pollen. 
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Table VI. 

Comf arisen of setting in Toria undei' bag in untouched, artificially selfed, and crossed flowers, in the year 1929-30. 
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Fig. 2. Toria plants with different habits 
numerous ascending branches. 


a straggling, open plant ; 2, a very sparsely branched plant ; 3, an Ideal plant with 
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' In ' brown-seeded sarsons also, as in the case of toria, pods f ornied as a result 
of crossing are much bigger (Plate XV, fig. 1) and contain incomparably greater 
number ot seeds than the pods produced by natural or artificial selfing. Results 
of experiments bearing on these points, both for toria and sarso7i, are tabulated in 
Table VIII, which figures show that in by far the most of the cases natural or arti- 
ficial selfing in toria and brown-seeded reduces the length of the pods to 

of that given by '' crossed ” flowers and the number of seeds to I-yv* 
already stated, the loss in length of pod which so takes place is mainly confined to 
its seed-bearing portion, affects the beak very slightly, and has practically no effect 
on the pedicel. 

From Table VIII it will also be seen that very little reduction of this sort takes 
place in the yellow-seeded form of sarson. As already shown in Table III above, 
this particular form of sarson, unlike brown-seeded forms, gives an exceptionally 
good setting under bag due to the floral mechanism affording facilities for self- 
pollination. As shown in the case of toria and brown-seeded forms of sarson^ 
presence, however, of facilities enabling self-pollination is not enough. The plant 
must have the quality of self-compatibility, which quality the yellow-seeded form 
of sarson seems actually to possess. 

VII. Loss OF VIGOUR ON INBREEDING. 

From the foregoing state of affairs, it is naturally to be expected that inbreed- 
ing (self-fertilization) in these two plants would lead to loss of vigour. This has 
actually been observed in the field to be the case with sarson. Material for this 
was provided in the year 1928-29 by eight pairs of lines, each pair of which had 
one line from bagged (selfed) seed and the other adjacent one from unbagged (more 
or less crossed) seed, irom one and the same plant of brown-seeded sarson of previ- 
ous years. In seven cases out of the eight observed, progeny of unbagged seed 
was much more vigorous than the progeny of the seed from the bagged (i.e,, selfed) 
portion of the plant. No opportunity has so far offered itself to obtain such direct 
evidence in the case oi toria owing to the fact that very little viable seed of it is 
obtained under bag. But if such is the case with mrsojz, wherein setting under 
bag is better than in toria, so must be the case toria itself, 

VIII. Breeding improved varieties. 

In the light of above it will be seen that, in toria and brown-seeded sarson, pure 
lines, though they can be produced by continued (enforced) inbreeding, have as 
such no utility for the farmer. Crossing in these two crops is a sure means of 
obtaining high yields, which in the breeding of improved varieties should not there- 
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fore be excluded. , Wliat is required is not to exclude crossing altogether, But^to 
limit it within certain desirable forms. In the case of toria^ such desirable or choice 
plants should for various reasons possess the following attributes. (For other 


Table VIIL 


EedmUon which takes place, mi seljing, in Toria and Sarson in the length of pods and 

number of normal seeds. 


Crop 

Year 

Treatment 

No. of 
flowers 
treated 

Average length 

PER 

IN CENTIMETERS, 

ROH 

Average 
No. of 
normal 
seeds 
per pod 

Entire 

pod 

Pedicel 

Seed 

bearing 

portion 

Beak 

ToHu, . 

1927-28 

Bagged 

1,997 

4-46 

1*42 

2'05 

0-99 

1*33 



Free-flowciiiig 

472 

6-84 

1*53 

3*95 

1-36 

15*48 


1929-30 

Bagged 

248 

4-77 

1-67 

2-17 

0*93 

1*50 



Hand-sclfcd 

242 

5-16 

1-72 

2*40 

1*03 

2*00 



Crossed 

140 

8*95 

1-77 

5*42 

1*76 

18*45 

Surmn browa- 

1927-28 

Bagged 

606 

5*80 

1-50 

2-40 

1*40 i 

1*86 

g68ded. 











}/’ree-floweriag . 

145 

6*60 

1-CO 

3*60 

1*40 

6*18 


1929-30 

Bagged 

226 

4-72 

1 

1*75 

2*25 

' 0*72 

2*02 



Hand-selfed 

89 

5-02 

1-60 

2.47 

0*93 

2*67 



Free-fiowering 

68 

7*70 

1*95 

4*35 

1*40 

19*07 



Crossed 

95 

1 

8-10 

1-75 1 

4*90 

1*45 

19*67 

Samm yeilow- 

1927-28 ; 

Bagged 

104 

7*10 

1*50 

4-10 

1*50 

, 14*0i , 

seeded. 









1 

] 

ITree-floweriiig 

91 

MO 

1*60 

4*30 

1*20 

17*11 


details see ‘‘ Points for seed-selection in toria ’’ by author No. 2 in the Seasonal Notes, 
of the Punjab Agricultural Department, Vol. VI, 1929.) 
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1. Habit sbould be profusely branching, with branches ascending so that the 
form of the plant should be more or less like that of an inverted club or cone. Plants 
having wide, open tops or no branches should be discarded. The former occupy 
too much space for the yield they give. Plate XV, 2. shows plants with these 
difierent types of habit, in Tvhich No. 3 has got the ideal habit and Nos. 1 and 2 
represent the types of plant which should be discarded. , , , , 

2 Plants selected should be mediumly early so that growth and development 
of the crop may be completed by the time the season gets too cold and frosty. 
They should also be of uniform maturity, absence of which causes harvestmg 

troubles. • x j 

3 Thev should be profusely podded or have the capacity to do so. 

4. The" seeds should be bold as bolder seeds contain a higher percentage of oil 

than small OBes. 

Varieties derived from group-breeding cannot but be mass varieties, which 
are liable to change when introduced into new localities with different environments. 
It is therefore essential that in any particular tract the breeding should be done 
in several places representative of all its regions. Nature herself acts as guide in 
this respect. Grow identical mixtures of forms in two widely differing places or 
a number of years, when it will be found that each locality has evolved a type of 
its own. Such types have been called ecotypes, and it is actually the case that 
every region lias its own ecotypes of crops like tona and sarson. They are no 
types in the sense of pure lines, but possess in many outward characters a sort of 
uniformity as to give an impression to the lay observer that the individual members 
of such a group are quite identical. 


IX. Some Correlations. 

It has already been pointed out that the yellow-seeded form of sarsora^ gives 
very good setting under bag, which means that in mrsm there is close association 
between self-fertility and yellowness of colour of seeds. Another useful correla- 
tion having a commercial utility was discovered both in iom and brown-seeded 
forms of sarsm, namely, that red or reddish seeds weigh less than the jUack or 
blackish seeds. A comparison of the two kinds of seed is given m Table 
which it will be seen that, on the average of a number of deterimnations made, 100 
black or blackish seeds weigh 21 per cent, and 35 per cent, higher in tom and 
respectively than the red or reddish seeds. This is in accordance with what birks 
[19261 found to be the case. This difference is probably due to differences in nutri- 
tion as it has been found that both in iona and samm black or blackish seeds pre- 
dominate in the basal portions of the branches. This predominance is in the case 
of tom reversed, however, by the middle of a branch, and further on the, predo- 
minance of red or reddish seeds becomes greater and greater until at the tip there 
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Table IX. 


Comparing the -weigMof black and red seeds in Toria and Sarson, LyaUpur Botanical 

Area, 1927-28. 


Hant Ho. 

®**T 

TOBIA 

SAMSON 


WBIQHT IB GBM, BEB 100 SEEDS 

Weight in gbm. beb lOO^ seeds 

Black 

Bed 

Difference 
in favour of 
black seeds 

Black 

Eed 

Difference 
in. favour of 
black seeds 

1 . 


0*340 

0-262 

. 

0-078 

0-567 

0-378 

0*189 

2 . 


0-347 

0-330 

0-017 

0-471 

0-362 

0*119 

3 . 


0-445 

0-365 

0-080 

0-366 

0-295 

0-071 

4 . 


0-331 

0-216 

0-116 

0-357 

0-295 

0-062 

5 . 


0-355 

0-310 

0-045 

0-416 

0-301 

0-115 

0 • 


0-370 

0-265 

0-105 

0-427 

0-332 

0*095 

7 . 


0-351 

0-317 

0-034 

0*397 

0-269 

0*128 

8 . 


0-330 

0-295 

0*035 

0-414 

0-296 

0-119 

9 • 


0-367 

0*316 

0-052 

0-383 

0-299 

0*084 

Average . 


0-3S9 

0-297 

0-062 

0*422 

0-313 

0-109 

(In terms of 100) 

121 

100 

21 

136 

100 

35 


are about 3 of them to 1 of black or blackish sort. But, in sarson, it goes a long 
way up and it is only at the tip that it suffers a diminution. 


X. Intee-ceossing among some oe tee Beassicae. 

A number of inter-crosses were attempted between toria and sarsan, and between 

them and some other Brassicae, as follows : — 

1. Sarson $ X Toria ^ 

2. Sarson ^ X Turnip ^ 

3. Sarson (j X Tmmip $ 

4. Sarson ^ X Mustard $ 

5. Toria $ X Turnip {J 

6. Toria ^ X Turnip $ 
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Results of these iiiter-crosses are given in Table X, from, which it will be seen 
that crosses readily with toria, turnip, and mustard, and that to-ria crosses 

readily with sarson and turnip. Pods and seeds formed as a result of these crosses 
are quite normal as compared with pods and seeds formed on the free-flowering 
branches of the seed parent in each case. Fj generations of these crosses have 
yet to be grown and studied further and therefore no comment on them is at this 
stage attempted. 

Inter-crossing was also attempted in both directions between sarson and tammira 
{Erma Saliva)^ the latter an c^r-Brassica oil-seed plant but belonging to the common, 
family Cruciferae. With taraMira as the mother plant, not a single flower out of 
the 15 crossed formed any pod. With as the mother plant, however, two 

out of the 15 flowers crossed did form pods, but these pods were only about half 
the length of the normal sarson pods and each of them contained only one norrnal 
seed, instead of about 12 met with on sister free-flowering branches. It remains 
to be determined whether these two seeds were the result of accidental selfing at 
the time of emasculation or are really due to the interaction of the pollen of the one 
with the stigma of the other. Further investigations on these and many other 
similar problems are being continued by authors Nos. 1 and 3. 

XL Summary, 

1. Toria and sarson, for which the botanical names Brassica nafus L. var. 
dioJhotoma Prain, and Brassica Gampestris L. var. Sarson Prain, have been used 
in this publication on the authority of Prain, are by far the most important oil- 
seed plants of the Punjab. 

2. In both of them, the floral mechanism is such that it provides few chances^ 
for natural selflng. Under bags they are shy seed-setters. On an average of four 
years, only 12*1 and 20*1 per cent., respectively, of toria and sarson flowers formed 
pods under such conditions and many of these pods were pods in name only, with 
their seed-bearing portions greatly reduced. They contain very few normal seeds. 
Production of normal seeds themselves under bag is about j\j-th and ^~\th, respec- 
tively, of that in free-flowering branches open to the visits of insects. 

3. The yellow-seeded form of sarson is an exception to this. It gives quite 
good setting under bag. 

4. Artificially selfing them (toria and brown-seeded sarson) by hand-pollination, 
though it hardly increases the number of normal seeds per pod, makes some increase 
in the number of pods set. This increased production remains far short, how- 
ever, of that on the free-flowering branches open to the visits of insects. 

5. From crossing under bag and getting even a better setting than on free- 
flowering branches, combined with the fact that artificial selfing does not improve 
matters much, it is concluded that the high amount of self-sterility prevailing in 
these two plants is not due to external causes alone, but due to internal ones (self- 
incompatibility) also. 
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6. Yields of tom are adversely affected if there occur in November long spells 
of cloudy, humid, rainy weather. This is due to the fact that insects do not come 
out on such days to pollinate the flowers. 

7. With the lack of selfing facilities and large degree of self-sterility prevailing 
in these two plants, it was to be expected that in-breeding (strict self-fertilization) 
would lead to loss of vigour. Direct evidence has been obtained for this in the case 
of sarson and so, no doubt, must be the case with toria. 

8. In view of loss of vigour in these crops from in-breeding, pure lines as such 
have no direct economic utility. To obtain improved varieties, some sort of group - 
breeding must be resorted to. Points for selection have been mentioned. 

9. In both tom and sarson, red-coloured seeds weigh less than black-coloured 
ones. 

10. Sarson crosses readily with tom, turnip and mustard (all, different species 
of the genus Brassim) and toria crosses readily with sarson and turnip. In the latt er 
case a cross with mustard was not attempted. 
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Statement showing the numOer oj aouay auyt>, < 
at Lyallpur for the months of November an 


December 


November 


Ba infall in iiielies 


Cloud amount. 


Rainfall in inches 


Cloud amount 


( No. of cloudy days 
No. of rainy days 
Rainfall in inches 


TotaIi- 
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Appendix IL 

Statement showing the number of cloudy days, cloud amount and the rainfall in %nches 
at Lyallpur for the months of November and December during the year 1926'’27, 


j"No. of cloudy days 
Toml No. of rainy days 
L Ilainfall in incises 




NoyEMBER 

DECli 

IMBER 

Cloud amount 

Ba infall in inches 

Cloud amount 

Ba infall in inches 





- 

•• 

8 

8 
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Appendix III. 

Siatement showing the number of clotidy days, cloud amount and the rainfall m mches 
at Lyallfurfm- the months of November and December during the year 192/ ~2b. 


Beoembee 


T^'OVEMBER 


Eaint'aJI in mcht*s 


Cloud amount. 


( Fo. of cloudy days 
ISTo. of rainy days 
Eaiijfall in inches 


Total- 


Bainfall in indies 

\ Cloud adiount 

•• 

! * ’ 

10 


10 

.. 1 


10 


10 


10 


10 


10 


10 


10 


2 


10 


10 

i 

10 

, , 

10 


10 


10 


5 


7 


10 


10 

. . 

„ 2 


10 


10 


10 . ■ 

. . 

24 

Nil 


Nil 
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Appendix IV. 

Statement showing the numbef of cloudy days, doud amount and the rainfall in inches 
at Lyallfur for the months of November and December during the year 1928-29. 





Statement showing the number of doudy days, cloud ammnt and the rainfall in inches 
at Lyallpir for the months of November and December during the year 1929-30. 


Becembeh 


Cloud amoimt IlMinf-i 11 in inches 


f IsTo. of cloudy days 
j Fo, of rainy days 
Rainfall in inches 


November 

Cloud amoimt 

Rainfall in Inches 

8 


2 


10 


4 


10 


10 


10 

... 



10 


- 

- 




- 

- 


« j 

- 


- 

- 

- 

- 


3 

■ 

10 


8 


11 

Nil 

- 
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STERILITY IN RICE HYBRIDS.* 


BY 

JENKIN W. JONES, 

Senior Agronomist^ Office of Cereal Crops and Diseases, Bureau of Plant Industry, 
U. S. Department of Agricuitufe, and Superintendent of the Biggs (Calif) Rice 

Field Station. 

(Eeprinted from the Journal of the American Society of Agronomy, Vol. 22, Humber 10; October 1930.) 

There are hundreds of locally-adapted rice varieties in the principal rice-pro- 
ducing countries of the world. The numerous varieties of this crop probably 
came into existence in three ways, viz., by natural crossing, by mutation, and by 
the selection and preservation of desirable forms by man. Some rice varieties 
yield and mill well, whereas others are of low yielding capacity and of poor quality. 

Cytolooigal Studies. 

Kuwada (l)f counted the chromosomes in pollen mother-cells of common {Oryza 
utilissimu Kcke.) and glutinous (Oryza glutinosa Lour.) rice varieties and found that 
the haploid number is 12 in both groups. 

Nakatomi (2) made a cytological study of the chromosome number in the pollen 
mother-cells of 21 races and mutations of foreign and domestic rices and his results 
also show that the haploid number is 12. The size of the chromosomes varied in 
different varieties. Eau (3), in a cytological study of the root-tips of two domestic 
(South India) rice varieties and one variety from Madras, found that the somatic 
chromosome number is 24. He observed that there were three small, four inter- 
mediate, and five large chromosome pairs in the cells of the root-tips. The large 
chromosomes were about twice as long as the short ones. 

These cytological studies of rice indicate that probably all cultivated varieties 
have 24 chromosomes in the somatic cells. 

Sterility iH RICE CROSSES. 

During the past two decades many papers have been published dealing with 
the mode of inheritance of various charaGters in rice crosses. The genetic studies 

♦Contribution from the Office of Cereal Crops and Diseases, Bureau of Plant Industry, 'CJ. S. 
Department of Agriculture, in co-operation with the Galifomia Agricultural Experiment Station. 

t Reference by number is to “ Literature Cited p. 867, 
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often are ‘by-prodncts of general rice improvement programmes m wliicli liybridiza- 

In tbe rather extensive studies on rice hybridization, which have been conducted 
in recent vears in the various rice-producing countries, only one paper is known to 
the writer in which a marked degree of steriUty in the hybrids is reported.^ ^ 

Kato, et al (4) on the basis of morphological differences in rice varieties and 
.sterilitv in crosses between certain varieties, conclude that the cultivated varieties 
of rice'' may be placed in two groups, designated as Japonica and Indica. 
Varieties of both groups and crosses of varieties within each group exhibit a hig i 
devree of fertility, whereas crosses between varieties of the Japonica and 
“ Indica ” groups show a marked degree of sterility. They found that pollen foriuii- 
tion in hybrids between varieties of the two groups was abnormal, and that a high 
percentage of the pollen grains was non-functional. ^ ^ ^ 

In IFa generations the progeny from crosses of varieties within each group 
showed normal fertility, whereas in the progeny from crosses between varieties of 
the two groups the percentage of sterility was high although it varied materia y. 
Kato and others conclude that the morphological differences present in the varie- 
ties of the two groups and the sterility observed in crosses between them indicate 
that they may be considered as being only distantly related in descent. ^ 

The cultivated rices of the “ Japonica ” group are believed to be native to Japan 
(proper), Korea, and North China, and those of the “ Indica ” group apparently 
are native to Formosa, Southern China, India and Java. In Central China while 
most of the cultivated rices belong to the “ Indica ” group, some varieties belonging 

to the “ Japonica ” group also are found. 

Material and Ebsults. 

Varieties of rice belonging to these two groups were used in the experiments 
reported in this paper, as follows; “ Japonica ” group, hereafter referred to as 
“ Japanese varieties -Caloro, Wataribune, Colusa, Buiigo and Aikolai ; “Indica” 
group, hereafter referred to as Chinese varieties C. I. i022, C. I. 7075, C. I. 
7078, 0. 1. 7389, C. I. 5315, and probably red rice.* 

In 1924, the crosses Caloro X C. I. 6315 and Wataribune X red rice were 
made at the Biggs Eice Field Station. The Fj plants were grown in 1925, but 
failed to set or mature seed. The writer was absent from the station in the fall 
of 1925 and no notes were taken on the character of the Fj plants, except that 
they failed to set or mature seed. 

In 1926, the crosses Caloro X C. I. 5315 and Caloro X red rice were made. 
Cabro was used as the female parent in both crosses in 1926 replacing Wataribune 
in the cross with red rice. The Fj plants of both crosses, consisting of eight and 

*0. I. refers to accession number of the Oflice of Cereal Crops and Biseasea^ foraierly the Office 
of Cerea 1 InTestigations. 
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ten' plants, respectively, were grown in 1927 in rows spaced two feet apart, witk tlie 
plants spaced one foot apart in tke rows. 

Tke plants were vigorous and in morphological cliaracters more like the male 
parents than the female parent. In growth habit the Fj plants were more spread-* 
ing, produced more culms, had wider leaves, and the panicles were less dense than 
for the Caloro variety. One of the F^ plants produced 56 culms and all tillered 
freely. On September 30 some of the main culms of the F^ plants had reached 
the booting stage. On November 3 panicles were partly exserted from the sheaths, 
but no seed was set on any of the Fj^ plants, although Caloro, the latest maturing 
parent in both crosses, was fully matured on October 8. The stigmas appeared 
to be normally developed in the hybrid spikelets ; the pollen, however, was poorly 
developed and apparently non-functional. The spikelets bloomed normally, but 
little or no pollen was found on the stigmas, and, due to lack of fertilization, the 
glumes did not interlock after blooming. 

In November, 1927, before frost occurred, one F^ plant of each cross was dug 
up, and these were placed in galvanized buckets. The two F^ plants were then 
grown until spring by J. E. Morrow in a greenhouse of the U. S. Plant Introduc- 
tion Garden at Chico, Calif. In the greenhouse both plants produced many culms 
which headed and bloomed during the winter months, but none of the spikelets 
set seed. In May, 1928, the two F^ plants were returned to the Biggs Eice Field 
Station, Each plant was divided into five parts, and, after the tops had been cut 
off, the plants were transplanted in the rice nursery. They soon became estab- 
lished in the nursery and began to head and bloom in June, before the earliest 
varieties in the nursery had reached the heading stage. In July both hybrids 
matured seed, and, although both showed a high degree of sterility, enough matured 
seed was obtained for adequate Fg progenies. The F^ plants of the cross Caloro 
X red rice showed less sterility than those of Caloro X 0. I. 5315. The matured 
seed of F-^ plants of the cross Caloro X red rice had red seed-aoats like the male 
parent. 

In the fall of 1927 four crosses were made between the Chinese varieties 0. I. 
7022, 0. I. 7076, 0, I. 7078, and 0. I. 7389, which were collected in China in 1925, 
as female parents, and the Japanese varieties Caloro and Colusa as male parents. 
These crosses are listed in Table I and the dates of first heading, first ripening, and 
ripening of the parent varieties and the Fj plants are given. Data on two crosses, 
Bungo X Caloro and Colusa X Aikoku, in which both parents are Japanese varie- 
ties, are also included in Table I. The data presented for the crosses Caloro X red 
rice and Caloro X 0. L 6315 are for the year 1927 ; for all other varieties and crosses 
the data are for the year 1928. All Fj plants in crosses between Chinese and 
Japanese varieties were as late as or later than the latest parent. In only one cross 
between a Chinese and a Japanese variety, 0. L 7076 X Colusa, did the Fj^ plants 
reach full maturity, whereas in the crosses, Bungo X Caloro and Colusa X Aikoku, 
in wMch both parents are Japanese varieties, the F^ plants behaved in a iiormal 
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mkhmt. la date of maturity the plants from the cross Bungo X Caloro were 
intermediatej whereas in the cross Colusa X Aikokii, both early maturing varieties, 
the F| plants were nearly three, weeks later than either parent. Fj plants ’which 
are as late as or later than the latest parent are by no means unusual in rice crosses 
grown at Biggs. 

Table I. 

Average dates of first heading, first ripening and ripening of the parent, varieties and 
the Fi plants of eight rice crosses grown at Biggs, Calif, in 1928, 


Parents and Ft plants 

First headed 

First ripe 

i ' EIpe 

0.1 7022 . . 

August 28th 

September 28th , 

1 Did not fully mature* 

Caloro 

August 18th 

September 13th . 

i October 5th. 

i 

Fi plants ..... 

August 25th 

September 24th . 

j Did not fully mature. 

0.17075 . . . . 

August 12th 

September 6th 

1 September 26th. 

Colusa 

August Sth . . 

August 30th 

September 19th. 

f 1 plants ..... 

August 12th 

September 6th 

September 26th. 

C. 17889 . . . , . 

August 16 th 

September 4th 

September 21st. 

Caloro 

August 18th 

September 13th . 

October 5tlL 

Fj plants . . . 

September 19th . 

Late October . . 

Did not fully mature. 

€.1 7078 . . * . . 

August 11th 

August 29th . » 

September 18th, 

Caloro 

August 18th 

September 13th . 

October Sth. 

Fi plants . , . . 

September 11th . 

Late October 

Did not fully mature. 

Caloro . . i . . 

August 25th 

September 18th . 

October Sth* 

Hed rice , . . 

August 29th 

September 13th . 

October 1st. 

Fi plants * . . . . . j 

October 10th 

. 

.... 

Partly headed but no seed 
set or matured. 

Caloro ..... 

August 25th 

September 18th . 

October Sth. 

C. 15315 . ... 

August 19th 

September Sth 

October 1st. 

Fj plants * , 

October 14th 

.... 

Partly headed but no seed 
set or matured* 

Bungo ..... 

duly 30th 

August 23rd 

September 6th. 

Caloro . . , ; . ^ 

August iSth 

September 13th . 

October Sth. 

Fi plants . , . 

August 12th . , , 1 

September 4t}h . 

September 18th. 

Colusa 

August 8th . . . : 

August 30th. 

September 19th. 

Alkofeu 

August 13th . . 1 

September 4th 

September 20th. 

■Fi plants " ■ . „ ' \ . ' , 

August 27th . . 1 

September 25 th . 

October i2th. 


given in Table I for the Ej plants and parept§ for the cxosse?, CalproxBed rice and Calorox C. I. 531(j, 
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In Table II is shown the percentage of sterility for the parent varieties and the 
plants grown in 1928, and the Fg plants grown in 1929. The percentage of 
sterility was deterniined from counts of all filled and blank spikelets on 10 panicles, 
selected at random, of each parent and each Fj progeny, except for the crosses Caloro 
XC. I. 5315 and Caloro X red rice, in which the counts were made on 6 and 5 Fj 
panicles, respectively. The percentage of sterility in the Fj plants was determined 
by counting all filled and blank spikelets on the main panicles from 10 to 63 random 
plants of each cross. Plants which were likely to be sterile as a result of late maturity 
were not used in these counts. 

Table II. 


Avefcige pefcsntage of steTiUty the pdfent vafieties avid the F j plmts gTotOfi ifi 1928 ^ 
and the plants grown in 1929, of eight rice crosses at Biggs, Calif . 


Female parent 

Percentage of 
sterility 

Male parent 

Percentage of 
sterility 

PeEOEXTAGE of STEEELiTy 

Pj plants 

Pg plants 

0. 1. 7022 . 

6-22 

Caloro 

2-06 

52-61 

19-84 

0.1.7075 . 

6-86 

Colusa 

2-97 

70-39 

34-66 

0.1.7389 . 

7-93 

Caloro 

2-06 

61-72 

26-98 

0.1.7078 . 

5-38 

Oaloro 

2-06 

61-75 

40*98 

Oaloro 

2*15 

0. 1. 5315 . 

9-61 1 

83-61 

39*88 

Oaloro 

2-06 

Red rice 

5-32 1 

28-89 

48-56 . 

Average 

5U0 

•• 

4*01 

59-83 

35*13 

Bungo 

1 

i 

5-77 

Oaloro 

1 2*06 

3*63 

4-72 

Oolusa 

2*97 

Aikoku 

5-12 

3-16 

2-89 

Average 

4*37 


3-59 

3*40 

3-3i 


The sterility in the parent varieties ranged front 2*06 per cent, for Caloro to 9*61 
per cent, for 0. I. 5316. The plants of crosses between Chinese and Japanese 
varieties ranged in sterility from 28*89 per cent, for the cross Caloro X red rice to 
83*61 per cent, for the cross Caloro X 0. 1. 5315. All plants in which red rice and 
the Chinese varieties were used as parents exhibited a comparatively high percentage 
of sterility, whereas the Fj plants from the crosses Bungo X Caloro and Caloro X 
Aikoku, all Japanese varieties, were fully as fertile as the parent varieties. Crosses 
between Chinese varieties should be as fertile as the parents, and Kato, et al (4) 
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State that they were. We have no information bearing on this 

In the Fa plants from the crosses under consideration, ni which one pare 
Chinese variety or red rice, the average percentage of steri ity ran^jCC 
i„ fc cro^ a I. 7022 X Oalot. to 48-66 in the CdoroX 
average for all five crosses was 35'13 per cent, l^e P ® 

Bungo X Caloro and Colusa X Aikoku were equally as fertile as the and tne 

parent^^^l^ HI number of random Fg plants from each cross m which 

all spikelets on the main panicles were counted, the range m t e 

fertility, and the numbers of Fj plants in each cross that mature see , 

but failed to mature seed, and that failed to head. 

Table III. 

liange in pe^wniaffe offertUity ofF, plants and themmber of F, plants 

seed, that headed hut failed to mature seed, and that failed to head, of g 
crosses grown at Biggs, Calif., in 1929. 


Cross 

No. of 
panicles 
counted* 

Range in 
percentage of 
fertility of 

Matured 

F 2 plants 
with green 
panicles 

1 

to head 



Low 

No. 

High 
per cent. 

No. 

per cent. 

No. 

per cent. 

No. 

per cent. 

C. I. 7022 X Caloro 

25 

21*95 

100-00 

508 

92-4 

42 

7*6 

0 

0*0 

0. I. 7075 X Colusa 

40 

5-56 

96*72 

618 

99*7 

2 

0*3 

0 

0*0 

C. I, 7389 X Caloro 

10 

56*84 

92-86 

358 

72*6 

123 

25*0 

12 

2*4 

C. 1. 7078 X Caloro 

63 

53*33 

97*01 

473 

89*2 

57 

10-8 

0 

0*0 

Caloro X red rice - 

11 

10*35 

93*33 

216 

38*4 

240 

42*7 

106 

18*9 

Caloro X C. I. 5315 

11 

12*20 

91*46 

50 

22*8 

74 

33*6 

96 

43*5 

Bungo X Caloro • 

10 

i 89*74 

100*00 

All 

100*00 

None 

0*0 

None 

0*0 

Colusa X Aikoku . 

10 

93*10 

100*00 

All 

100*00 

None 

0*0 

None 

0*0 


* The number of spikelets per panicle ranged from 40 to 269. 

|The minimum range in fertility varied from 5-56 to 56-84 per cent, in the crosses 
C I 7075 X Colusa and 0. 1. 7389 X Caloro, respectively. The maximum ran^ m 
fertility varied from 96-86 to 100 per cent, in the crosses C. I. 7389 X Caloro and C. 1. 
7022 X Caloro, respectively. 
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In tlie crosses Bungo X Caloro and ColtiBa X Aikoku, Japanese varieties, tke 
minimum and maximum range in fertility was from 89-74 to 100 per cent, of 

tke F, plants from crosses between tke J apanese and Ckmese varieties were as f erti e, 
or nearly as fertile, as tke parent varieties and suck results are expected. 

In tke F» plants of tke cross Caloro x C. I. 5316 only 22-8 per cent, of tke plants 
matured seed, wkile in tke cross 0. I. 7075 X Colusa 99-7 per cent, matured seed. 
Tke percentage of Fg plants tkat did not fully kead and faded to mature seed rangeo 
from 0-3 for tke cross C. I. 7075 X Colusa to 42-7 per cent, for tke cross CaloroXred 
rice. Tke percentage of F^ plants tkat failed to kead ranged trom 2-4 in tke cross 
C. I. 7389 X Caloro to 43-6 per cent, for tke cross Caloro X C. I. 5316. 

Discussion. 

Tke cytological studies on rice, wkick were reviewed earlier in tkis pa,per, indicate 
tkat probably all cultivated varieties of rice have tke same number of ckromosomes. 
Likewise, aU cultivated rice varieties {Oryza sativa) usuaUy are conmdemd as belong- 
ing to a single species. It seems logical to expect, tkerefore, that in rice crosses tke 
hybrids should be as fertile as tke parent varieties. Eau (3) states that there has 
not been so far any reported case in wkick difficulty was experienced m crossing or 
sterility was observed in tke offspring in tke very extensive series of crossing-experi- 
ments to wkick different varieties of tkis plant (rice) have been subjected. He 
evidently had not seen tke paper by Kato, et al (4) when this statement was made. 

The data presented in tkis paper concerning the behaviour of F, and kj plants 
from crosses between Japanese and Chinese rice varieties show tkat there is a marked 
degree of sterility in tke offspring from these crosses. In addition to tke sterility 
observed tke development of tke plants was abnormal, as is shown by tke large 
number of Fj plants wkick were so late tkat they failed to kead and of those wkick 

headed but failed to mature seed. . „ . ,1 1 

Tke characteristic late maturity or failure to mature fully m the plants and 
the failure of many Fg plants even to reach the’ heading stage, m the crosses under 
consideration, is certainly unusual in varietal crosses. This abnormal oekaviour 
may be due in part to tke action of genetic factors for late maturity, some of wkick 
entered tke crosses from both parents. However, if factors for late maturity were 
present in tke parent varieties they were recessive to factors for earliness, for none 0 
tke parental varieties are really late-maturing rices. It seenm more reasonable, 
tkerefore, to assume tkat tke sterility and lateness observed in tke F^ and k , plants 
are probably due to incompatibility in the chromosome meckanism which prevented 

normal functioning and development of tke hybrid plants. 

Conclusion. 

Tke results presented in this paper tend to support tke idea advanced by Kato 

and others tkat tke cultivated varieties of rice belong to two types, Japonica 

and “ Indica,” which are only distantly related in descent. 
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ABSTRACTS 

[ We are indebted to AroMvos do Instituto Biologico de Defesa Agricola e Animal ” (Sao ■paiilo— 

Brazil), Vols. I, and II, for the followng abstracts of articles published therein. The original 

articles, which are in Spanish, are available for reference in the library of the Imperial 

Council of Agricultural Research, New Delhi. J 

Doekca Bactbbiana m Batata.— Genesio Pacheco. Vol. I, pp. 69 -82. 

There is described an epiphytal disease of the potato {8ola7iu7n tuberosum), observed at 
Monte-Mor, township of Campinas, State of S. Paulo, Brazil. 

The disease broke out in a lot of these tubers stored in a warehouse, and caused a dark- 
coloured, soft rot with a smell like that of salt herring. 

A microscopical examination of the damaged tubers showed the existence, predominantly 
in the exclusive and softened mass at the points where the lesion began, of a species of bacterium 
with the microscopic cha ?acteristics of the tribe Erwitiide oi. the American Commission of Bac- 
teriologists, described in Bergey’s manual (2). 

The isolated bacterium, by its cultural, morphological and physiological characters, could 
be identified as a species participating of the characters of Erwinia indonis and E, solaniswpra, 
especially the latter. 

It differs from E, melo 7 iis because it melts gelatine slowly (15 days), forming a dome; it 
forms regular colonies ; it forms a pellicle and darkens the broth ; it does not form indol ; it 
fermentslactose slowly (48 hours), without producing gases and is mioroaerophylous. 

It differs from E, solanisapra merely by the slow fermentation of lactose without gas produc- 
tion, it is provided with 4-6 cilia and is mioroaerophylous. Adopting the opinion of Smith, who 
consider the species melonis and solanisapra identical, for these the name sola7iisapra should 
have precedence, by right of priority. Thus the bacterium isolated by the author is identical 
with this species. 

The experimental infection of the tubers was obtained by inoculating the bacterium deeply 
and by keeping the tubers in a moist atmosphere, a high temperature (2FC), and having them 
protected from light. 

It was verified that aeration, ifiumination and drying paralized the infection already begun, 
while a suppression of these conditions caused renewed activity of the bacteria. 

A histological study is made of the pathological alterations in fragments fixed in alcoholic 
sublimate and^stained by the Gram and Gram-MaoCallum methods. It was verified that the 
infection begins and progresses at the cost of the bacterium isolated, which substitutes the grains 

of starch in the cells transformed into deposits of this substance. 

After the nutritive substance has been exhausted, the bacteria begin to grow rarer and 
nearly disappear completely; when the bacteria of the secondary infection begin to appear. 
By the action of these, there is determined the destruction of the oeilulose and the final fusion 
of the attacked portions. The observation of the cuts shows a lysis of the starch grains in a 
zone where the bacteria have not yet appeared. In the experimental infection there is a simul- 
taneous attack on a large surface, so that all of the aspects are found in eonoomitanoy. 

MibiliograpUa. 

Appel. — A.rb» a* d, hiolog* Ahteil* f* Eand-Uw Forstwirtscl^* d, Kaiser, O-esundh, 1903. Oit. de 
Smith E., Bact. Dis. of Plants, p, 264, 1920. 

Bergey, D . — Determinative bacteriology, 1925. 
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Baiiineson, G.—An, d, Epiphyties An. 6, p, 327, 1918. 

Harter, L. L. & Labritze]s% J. I.—*/, of Agric, Res, H. 0, V. 33, p. 527, 1926. 

Harter, L, L. & Withkey, W. A, — J, of Agric, Res. N. 5, V. 34, p. 443, 1927. 

HuTaHiNSON, C. M. & JosHi, N. V.—Metnoirs of the Degjartment of AgrictiUure in India, Vol. I, 
H. 5, 1915. Bef. do Bullet, de Rens, Agric, et d, mul, de plants. An. 7, 2 eine p., p. 167, 
1915. 

JoHsrsoN, J., Slaog, C. M. & Muevie, H. R,-^Phytopath V. 14, p. 177. 

Pacheco, G. — Qonipt, Rend, Roc, Biolog, T. 97, p. 1094, 1927. 

Skoeik, V.— 17, p. 611, 1927. 

Smith, E. — Bactenal Disease of Plants, MB, 

Stahasofi)’, D. — Phytopalh, V. 16, p. 711, 1926. 

Steiher, G. — Journ, of Agric, Research, V. 35, N. 11, p. 961, 1927. 

Welles, C. C. & Boldoh, E. F. — Phytopath. V. 13. 

Wolff, F. A. — Ibidem, V. 12, p. 98. 

Peaca nos Bambus — Bhikastus steehicoehis {Geem.).“~Ei). Navarro de Andrade. 

Vol. I, FP. 137— 142. 

This insect was found for the first time in the State of Santa Catharina, where it was at- 
tacidng the giant cane {Clmsquea gaudichaudi Kunth). Subsequently its destructive work was 
observed in Bio Claro, State of S. Paulo, where it attacked the common bamboo {Bambma viiP 
j/ans Schrad), the Imperial bamboo {Phyllostachys castillonis Mitf), the crissiuma cane (Ghusqiiea 
sp.), the small cane (Amndinaria sp.), various other canes (Merostachys), and the Indian bamboo 
(Banibusa arundinacea Betz). The giant bamboo {Dendrocalamus giganteus Munro) was not 
attacked, which should be attributed to the thickness of its stalk. 

The females puncture the young bamboo shoots, always less than a year old, depositing 
one egg in each perforation. The eggs usually hatch within 6 to 10 days j 15 clays being the 
maximum observed. The larval state lasts about three months. Usually 6 to 10 larvae are found 
in each internode, but the number varies greatly; and as they attain their development, the 
larger devour the smaller ones, until finally but one larva remains in each internode. 

In Bio Claro adults have been captured during different months of the year, however they 
become more common during January and attain their maximum abundance during March. 

Copulation is very prolonged and can continue up to 36 hours. After copulation the insects 
live, on an average, 7 to 8 days. About 50 per cent, of the adults are males. 

The best means of combating this pest consists in opening the infested stems, always before 
the month of September, and exposing them, thus opened, to the sun. The larvae can resist 
the sun’s rays but a few minutes. 

Syneijea infbaposita Borgm,~8chmitz (Dipteka, Phoeidae) — Um novo pabasita da 
Iceryapurchasi Mario Authobi. Vol. 1, pp. 193 — ^200. 

The present paper represents a contribution to the biology of Syneura infraq)osita Borgm.- 
Schmitz, a little fiy of the family Phoridae, which parasites the adults of Icerya purchasi Mask. 
A detailed description of the larva and pupa is here given for the first time, thus increasing our 
knowledge of the development of the various phases until now unknown of the genus Syneura, 

Alguns Nematodes Paeasitas e Semi-parasitas das Plantas Culturaes do Brasil.—' 
Prof. Dr, Gilbert Bahm, O.S.B. Vol. I, pp. 239 — 252, 

The present communication has to be considered as a preliminary note, and is only an at- 
tempt to give an idea of the different forms of free living, parasitic and semi-parasitic nematodes, 
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found oil various cultivated plants of Brasil, The full observations and tb.e detailed descriptions 
of the forms here studied will be given in the next volume of this Archivos, The genera Tiflenc'hus 
and Helerodera are considered as including the tgbI parasitic nematodes* The Diplogaster rhizo* 
pJiilus which was found on several plants, may also be considered as a form, that can damage 
cultivated plants. Some experiments W'ere made with the purpose of infecting the roots of the 
coffee- tree with this species ; but if it really attacks this plant, I am not able to say at present, 
as the time available for these experiments was too short. 

Nematodes pabasitas e semi-pabasitas de divebsas Plants cultubaes do Bbasil-— 
Pboeessob Bb. Gilbebt Rahm, O.S.B. Vol. Ill, pp. 67 — 136. 

The author presents, in this work, the result of some researches made during his stay in 
S. Paulo, at the end of the year 1928 and intends to give an idea of the various forms of free- 
living nematodes, either parasites, or senti-parasites, of several cultivated plants of Brazil. A 
previous note on the subject was already published in the 1st volume of these “ ArcMvos ”, 
Now the completed work follows, accomx^anied by 108 drawings and 37 photographs, printed 
on 11 plates. 

Part A of the work deals with the classification of the forms studied. Of the described 
nematodes : 12 infest the roots of the coffee- tree, being 7 species, 4 var. and 1 subform ; 2 species, 

1 var. and 1 subfoim live in the leaves of the coffee- tree ; 6 species, 1 var., 1 form and 1 subfoim 
live in the roots of the banana plant ; 10 species, 3 var. and 1 form live in the fruits and flowers 
of the banana plant ; 3 species and 1 var. attack the roots of the orange tree {Citrus aurantiaemu): 

6 species live in the leaves of the orange tree ; 3 species, 2 var. and 1 suhform in the sugar-cane and i 
3 others, more especially in the invaginations of the sugar-cane, 5 species in the roots of cassava 
{MamJiot utiUssima) ; 4 species and 1 suhform in potato tubers {Solannm tuberosum L) ; 4 species 
in the bulb of the onion ; 5 species and 2 var. in the roots of Dianthuns cariopliyllus L ; 4 species 
and 1 var. in moss ; and finally 1 species andl subform in the roots of the cotton plant {Gossyfdum 
herhaceumlj), jl 

In part B of the work, the author relates the biological and physiological observations he 
realised ; 1st, on parasitism and semi-parasitism ; 2nd on the resistance of root nematodes to ; 
desiccation ; 3rd on the multiplication and abundance of nematodes ; 4th on the ravages caused . 
by nematodes ; 5th on methods of combating these pests. 



REVIEW 


Index to the Food Investigation, Vol. 8, No. 1, March 19^0. 

—Compiled BY Agnes E. Glennie, B.Sc., and published by the Director of Food 
Investigation, Department of Scientific and Industrial Kesearch. (H. M. Stationery 

Ofiice) Price, 2 shillings net. . 

This is the third of the lists of ‘ elaborated titles ’ of literature on food research 
issued by the Low Temperature Eesearch Station, Cambridge, in fulfilment of the 
recommendation of the Imperial Eesearch Conference, 1927, that research institu- 
tions in the Empire should be kept abreast of progress in preservation and transport 
of food in this manner. In addition to a classified list of nearly 1,000 references, with 
substantial abstracts in many instances, the volume contains a most valuable review 
of noteworthy developments during 1928-29. 

The index should be of great assistance to physiologists and biochemists in 
general as well as to those more immediately concerned in the problems of food 
transport and storage. 

In his prefatory note Sir William Hardy draws attention to the fact that only 
to the extent to which publications relating to the preservation and transport of food 
as well as enquiries, criticisms and suggestions are sent to the Superintendent, Low 
Temperature Eesearch Station, Cambridge, that workers in difierent parts of the 

Empire can be assisted and put in touch with each other. [B. C. B.] 

THE IMPEEIAL AGEICULTUEAL BUEEAUX. 

The following publications and communications bearing on crops and soils have 
been received by the Imperial Council of Agricultural Eesearch from the Imperial 
Agricultural Bureaux mentioned. Eesearch workers who have not received copies 
of communications dealing with their special subject are invited to conununicate 
with the Council. 


Imperial Bureau of Soil Science. 

Technical Communications. 

No. 1. The Present Position of the IntemationalMethod of Mechanical Analysis. 
No. 2. The Examination of Organic Matter in Soils. 

No. 3. Preliminary Soil Map of the Empire. 

No. 4. A Summary of a Eeport (by H. H. Croucher) of some cultivated St. Lucia 
Soils. 
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No. '6* Soil Erosion, (with Bibliography). 

No. 6. The American System of Soil Classification and Survey, by L. L. Lee. 

No. 7. Method of taking Soil Profiles. 

No. 8. Publications on Soil Science issued from the Empire Overseas during 1929. 
No. 9. The Colorimetric Determination of Phosphoric Acid ill Soils. 

No. 10. The Arrangement of Field Experiments and the Statistical Eediictioii of the 
Results, by R. A. Fisher and J. Wishart. 

No, 11. Note on an area of Alkali land in Western Australia. 

No. 12. Determination of Exchangeable Bases and Lime Requirement. 

No. 13. The Second International Congress of Soil Science. 


Reports, 

1. Report of the Imperial Bureau of Soil Science for the year ending 31st March, 

1930. 

2. Report on a tour of certain German Experimental Stations engaged in research 

on soils and fertilizers, etc., compiled by Dr. E. M. Crowther, of the Rothamsted 
Experimental Station. 


Publications, 

1. Soils and Fertilisers, by Dr. E. M. Crowther. Reprint from Reports of Progress 

of Applied Chemistry, 1929. 

2. Circular regarding the British Empire Section of the International Society of Soil 

Science. 


Imperial Bureau op Plant Genetics (Herbage Plants), 


Bulletins, 

1. Bulletin No. 1, Miscellaneous Information relatiug to breeding of Herbage 

Plants (with Supplement), March, 1930. 

2, Bulletin No. 2, Miscellaneous Information relating to Herbage Plants, September, 

1930. 


Publications, 

1. List of papers translated for the Welsh Plant Breeding Station to December, 1929 

and available on loan from the Imperial Bureau of Plant Genetics (Herbage 
Plants). 

2. Herbage Research Circular No. 1, October, 1930. 

3. Herbage Research Circular No. 2, November, 1930, 

4. Abstracts of important articles. 

«5. Ciprent Literature, October. 1930, 
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Impeeiai. Bueeau of Plant Genetics (for Crops other than Herbage). 

i. A sliort account of the functions of the Bureau. 

Publications and Bihliogra/phies^ 

1. Papers on Plant Genetics received from January to June, 1930, Parts I and 11. 

2. Wheat Breeding Bibliography, Parts I and II. 

3. Barley Breedmg__Bibliography. 

wii-BT A T. Bitreau OP Fruit Production. 


Technical Communication. 

No. 1. Ringing Fruit Trees, the present position, by D. Akenhead. 

Publication, 

1. Imperial Bureau of Fruit Production— Horticultural Research work m the 


Empire. 



BBITISH EMPIRE SECTION OP THE INTERNATIONAL 
SOCIETY OP SOIL SCIENCE, 


The following circular is issued by the Imperial Bureau of Soil Science ot the 
request of the British Empire Section of the International Society of Soil Science 
for the information of those who are not already members of the Society 

At a Joint Meeting of the Conference of the Imperial Bureau of Soil Science and 
the above body in September 1930, it was apparent that a number of Overseas 
Soil Workers were not aware of the existence of the British Empire Section of the 
International Society of Soil Science. The present opportunity is therefore being 
taken to bring before such people a brief statement of the work of the Section 
and its parent body. 

The International Society of Soil Science was inaugurated in Eome in 1924 and 
has held two successful Congresses, in Washington in 1927 and in U. S. S. R. in 
1930. The third International Soil Congress will be held in England in 1935. The 
Society has two periodicals, {a) ‘'Proceedings ” issued four times per annum and 
consisting chiefly of abstracts of which many are from sources not generally available 
owing to language difiiculties and (6) " Soil Research ” issued less frequently and 
containing full papers. These Journals are issued only to members. 

The Society conducts its business through six Commissions and a number of 
Sub-Commissions. Members of the Society may become members of any (or all) 
of the Commissions. A year or so before a full Congress, the Commissions hold 
separate Conferences to prepare reports to the Congress, to arrange co-operative 
work, and to hold technical discussions. In 1929 four volumes of papers and reports 
from such Conferences were issued without charge to all members of the Society in 
addition to the usual publications. The Transactions of the Congresses are available 
to members at greatly reduced rates. 

The Society is endeavouring to secure agreed conventions and standard procedure 
in analytical methods in all cases in which some arbitrary factor enters, such as 
grades of particle size in mechanical analysis, ratio of soil to solution in reaction 
measurements and acid extraction. It is also attempting to develop and co-ordinate 
soil surveys throughout the world and has already pubKshed a Soil Map of Europe 
on a scale of 1 : 10,000,000 and made considerable progress with one on a scale of 
1 : 15,000,000 which should be completed in about three years. 

The Society has many National Sections each of which has separate representa- 
tives on the General Committee of the Society. South Africa has already formed a 
National Section, the rest of the Empire is included in the BritiKsh Empire Section, 
which has at present about 120 members divided about equally between the British 
Isles and Overseas, 
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TJie present Officers of tie Britisis. Empire Section are : f 

President : Prof, N. M. Combbe. 

Secretary : Dr. E. M. CbowthbE. 

Committee : Me. G. R. Claeke. • . 

De. W. G. Ogg. 

Prof. G. W. Robinson. 

It is obviously desirable tbat tbe membersbip of the British Empire Section 
should be as complete as possible well in advance of the next Soil Congress. 

The British Empire Section generally holds two meetings a year in conjunction 
with the Agricultural Education Association, but in 1930 two meetings were held 
at other times so as to secure the attendance of workers unable to attend the A. E. A. 
meetings. It is hoped in the future to hold at least one meeting annually at a time 
suitable for Overseas workers temporarily in England. 

The subscription for 1931 has been fixed as in recent years at £1 (with an entrance 
fee of 4/6 for new members). All British Empire members should pay their sub- 
scriptions to the Secretary, Dr. E. M. Crowther, Rothamsted Experimental 
Station, Herts, and not to the General Secretary of the Association. 
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APPENDIX. 


INSTRUCTIONS TO AUTHORS OF PUBLICATIONS OF THE IMPERIAL 

COUNCIL OF AGRICULTURAL RESEARCH. 

1. All manuscripts stonid be clean, clear and carefully revised. Only one side 
of tbe paper sbonld be used, and as far as practicable tie original type-written 
copy and not a carbon copy should be sent. Capitals should be sparingly used, and 
all the necessary punctuation should be done in the MS. and not left for introduction 
in proofs. 

2. The title of a paper should not be lengthy, 

3. It is desirable that the MS. should have suitable heads and sub-heads. In 
numbering the principal divisions of a paper roman numerals should be used. The 
use of arabic figures and (a), (6), (c), etc., is generally reserved for numbering the 
sub-divisions coming under each head. 

4. Articles submitted for publication either in the Indian Journal of Agri- 
cultural Science^’ or in the ^‘Indian Journal of Veterinary Science and Animal 
Husbandry ’’ should be accompanied by abstracts for publication in Agriculture 
and Live-stock in India.” Abstracts should be concise, but should be long enough 
to explain the matter dealt with ; ordinarily no abstract should exceed 200 words. 

5. When a word or line is intended to be printed in italics it should be underlined 

with a single line, in SM. cap. with two lines, in CAPITALS with three lines, and 
when in antique (heavy type) with a wavy line ( ). 

6. In descriptive matter, numbers under 100 and ail numbers occurring at the 
beginning of a sentence should be in words. 

7. Local names for crops, technical operations, etc,, should be defined where 
they first occur in the text, ra&i (spring crop). The use of local weights and 
measures should be avoided as far as possible. Vernacular names, such as jowafy 
bajriy should be in italics without a capital letter, and each such name where it 
first occurs should be followed by its scientific equivalent in brackets, e,g., jmvaf 
(Andropogon Sorghum). It is usual to write the initial letters of varietal names in 
capitals, e.g.^ Striped Mauritius, Dharwar-American cotton and Broach cotton. 

8. Botanical and ^zoological names are printed in italics and should be underlined 
in the M.8., e.g.y Triticum vulgare L., Diplodia Gorokori Bjd., Fyrilla aherrans, 
Kirby. The International rules of Botanical nomenclature and the International 
rules of Zoological nomenclature should be followed. The names of chemical sub- 
stances should not be written with a capital letter ; they are printed in roman type 

calcium carbonate, prussic acid). 
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9. The following and similar abbreviations may be nsed freely : viz., e.g., 
i.e., mm. (millimetre), cm. (centimetre), grm. (gramme), mg. (milligramme), c. c. 
(cubic centimcjtre), sp. gr. (specific gravity), lb. (pound), cwt. (hundredweight), 
in. (inch), ft. (foot), oz. (ounce), md. (marmd), sr. (seer), ch. (chattak). Other abbre- 
viations should be used sparingly, if at all. 

10. References to plates should be given within brackets, without prefixing the 
word “ see ” or “ cf.”, in the MS. itself, and should not be left over for introduction 
in proofs. For example, “ The parasite (PL X, fig. 4) was present late in 1906.” 

11. The word “ Table ” is preferable to “Statement,” and tables should be 
numbered consecutively in roman figures. Each table should have an explanation 
as a sul)-head. It is more convenient for reference if tables can be printed horizon- 
tally ; for thi.s purpose they should not exceed in width the printing measure 
of the page (5"). 

Emm'ple — 


Table IV. 

Results of vjater- saving experiments on wheat {Pusa 12) at Gungapur, Haripur and 

Sargodha, 1916-17. 


No. of irriga- 
tions inclndixig 
tlie preliminary 
■ watering 


Yield per acre in maunds 

AND S.EEES 


Average yield per acre 



Gmigapiir 

one 

12 

19i 

1 20 10 ' 

Haripur 


8 

31 

19 14 - 

SargodJia . . 

Jf 

8 

m 

25 2-7J^ 


12. References to literature, arranged alphabetically according to authors’ 
names, should be placed at the end of the article, the various references to each 
author being arranged chronologically. Each reference should contain the name 
of the author, the year of publication, the abbreviated title of the publication, 
volume and page. In the text the reference should be indicated by the author’s 
name followed % the year of publication enclosed in brackets ; when the author’s 
name occurs in the text, the year of publication only need be given in brackets. 
If reference is made to several articles published by one author in a single year, 
these should be numbered in sequence and the number quoted after the year both 
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in the text and. in the co,llectecl references. This sjstem of refereiiciiT,.: is used in 
the ‘‘ Biocliemica,! JonrnaF’ and will be clear from the following (iilnstratiori) 

Tlie^work of Osborne and Mendel [ 1919, 1, 2 ] and Steenbock and Boiitwell [ 1919 ] bad indicated 
an association of tlie fat-soluble vitamin with the green parts of plants. This vicv' was exaioined by 
Coward and Brummoiid [ 1921 ], -who reported that vitamin A w\as not synthesised by eriola tod sbouts 
but that green leaves w^ere active in its formation.- Another -worker [Wilson, 1922], -on the other hand, 
found that etiolated shoots if given in sufficient quantity could supiply the fat-solvible vitamin and that 
this factor w^as therefore formed in the absence of light. " 


REFERENCES. 

Coward and Drummond (1921), BiocJiefn. J, 1$, 

Osborne and Mendel (1919, I). J. BioL Chem. 37,187. 

(1919,2). J. Biol Chem. . 

Steenbock and Boiitwell (1919). »/. Biol Cliem, 41, 149. 

Wilson (1922). J. BioL Cliem. 51, 455. 

Abbreviations, as far as possible, should follow the system adopted in ‘A 'W'orld 
List of Scientific Periodicals ’’ published by the Oxford University Press. 

13. Papers should be complete when submitted for publication. As alterations 
and additions at the proof stage cause both additional expense and delay, they 
should be resorted to as little as possible. In making corrections in proofs the 
recognized symbols which will be found in the '' Standard Dictionary ’’ should be 
used. Second (page) proofs will be submitted to authors who should return them 
promptly. 

Illustrations. 

14. As the format of the journals has been standardized, the size adopted being 
crown quarto (about 7|-''x 9f" cut), no text-figure/when printed, should exceed 
4|x5 inches. Figures for plates should be so planned as to fill a crown quarto 
plate— the maximum space available for figures being 5| X 8 inches exclusive of 
that for letter press printing. 

15. Photos or drawings for illustration should accompany the manuscript and 
each should bear on the reverse side the name of the paper to which it relates together 
with the title or legend, figure or plate number, and the size to be reproduced. When 
giving instructions, for reduction linear measurements are understood ; thus, '^ half- 
size ” means reduce to half the length and breadth, not half the area. A photograph 
should not be rolled up, nor j>imied, and should always be packed flat. A complete 
list of plates and figures should always accompany the paper. 

16. Line drawings should be made with clear black lines on smooth white paper, 
preferably Bristol board. Koiigh paper should be avoided. Care should be taken 
that all the lines are drawn firmly ; scratchy or grey lines, produced by the ink being 
thinned down, are not permissible. Drawings should be larger than the required 
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Bi.e. All lettering should be neatly and clearly put in, care being taken to make all 
lettemg silyer paper and of the 

samedz^orlgeA ^ ^ater-colonj coloured 

photograph or coloured transparency, and larger than the size require . “ P’; ^ 

Lring^ com, one should use only the primary colours, m any combination as 
Lly fnks^i primary colours are used in printing. Originals can be enlarged, if 

TipcPBsarv but this should be avoided if possible. _ _ n t. 

19. For detailed instructions regarding preparation of itostrations, it wnuld e 
ndvantaae to refer to Mr. C. M. Hutchinson’s article on Photographic lUustra- 
tions ” in the Agricultural Journal of India, Vol. XI, Pt. 8, July 1916, and Mr. A. 
Slater’s paper on “ The Preparation and Eeproduction of Scientific mustrations ^ 
in rhe Proceedings of the Third Entomological Meeting, 1919, which has been reprinted 
as Bulktin No. 114 of the Agricultural Research Institute, Pusa, 


THE DETERMINATION OF _ QUALITY OF AGRICULTURAL PRO- 
DUCE, WITH SPECIAL REFERENCE TO COTTON/‘= 

BY 

A. JAMES TURNER, M.A., D.Sc., 

Director, Indian Central Cotton Committee Technological Laboratory, Bombay. 

' (Received for publication on the 12th January 1931.) 

In the inost priroitive society, mankind’s chief occupation is the satisfaction of 
Jiis bodily needs. First and foremost he must obtain his food; hence his first 
concern is food, and the weapons by means of which he may obtain it. In a tropi- 
cal climate he is less concerned about his clothing and Ms shelter, though in colder 
climates the rigours of Nature have compelled him to seek some means of shelter, 
such as a cave, and some means of keeping warm. But in his leisure moments, when 
his belly was full, even the untutored savage had some interest in the more orna- 
mental things of life, arts and crafts. However, in the highly civilised life which 
we lead to-day there is far more diversification. Although vast numbers of people 
are unemployed at the present time, and find it difficult even to secure the bare 
necessities of life, yet there are multitudes who look beyond the bare necessities and 
seek to taste life in many other vrays ; and it is proverbial that the luxuries of one 
age become the necessities of the next. Man— and woman too— is no longer almost 
solely interested in the agricultural produce that he puts inside himself, but takes 
quite a considerable interest in the agricultural produce that he puts outside himself 
in the shape of clothing ; moreover, he seeks not only to adorn his person but also 
to beautify his home ; he is content to spend a great deal on those entertainments 
which 'appeal to his taste, and he requires to be transported from one part of the 
world to another ; and in all these things he makes greater and greater demands 
upon agricultural products in general, and upon textile fibres and fabrics in parti- 
cular. As experience of use increases so does demand become more critical, and 
those with long purses, while boasting that the best is good enough for them, explain 
that they are willing also to pay and to pay heavily for the best. It is t^he satisfac- 
tion of this demand which leads to the appreciation of “ quality ” and sets a premium 
upon it. 

I have purposely dwelt upon the diversity in man’s fundamental needs, because 
it may be noted that early man’s predominating interest in food is paralleled by the 
* Paper read at the Indian Science Congress, Nagpur, January 1931. b 2 

167 


158 IHBIA.N' JOXJBHAL OF AO’EICULTIJBAL SCIEMCE [ I. 11- 

sciei I tisfc^ s JB t.h.6 investigations iiBcl t6sts of recent tiiiies., wliieli liave oiicloubtedly 
be(3ri more exliaiistive of foodstiifls than of the materials used for clotliing. In the 
various markets for different commodities men have been trained by long experience 
to distingiiish differences in quality of the raw materialSj rice, wheat, sugar, 
cotton, jute ; and there is no doubt that in many cases they have acquired great 
skill in carrying out their work quickly and accurately. Iliese methods are usually 
empirical and of course subjective, and it is therefore of little wonder that the 
attempt has ’been made either to replace or to supplement them by tests of, a more 
. scientific nature. But even the scientist has not been slow to make use of these em- 
pirictal methods where they have served his purpose. Thus, Biffen and his assistants, 
when first carrying out their original researches leading to, the production of ; 

Yeoman wheat, had in the first place to resort to the chewing test to- decide 
which of the grains had the characteristics of hard wheat and which of soft wheat, 
the difference in the effect on chewing being attributed to a ciiffereii.ce in the amount 
of gluten present, this being responsible for the hardness and the consequent eflect 
on the baking of the loaf. 

The individual senses are necessarily made use of in these empirical tests. 
Even in testing tallow for its quality, a weaving master will commonly use a chew- 
ing test and obtain a result of considerable accuracy. The tea taster does 
distinguish different qualities of tea. These are instances where the mouth is used 
to good advantage. In other cases the eye, the hand, or the nose play a part. 
But when the physicist wishes to determine c|uality scientifically, the use of the 
senses is generally confined to the reading (and recording) of observations on a scale* 
Thus the determination of the percentage content of sugar (sucrose) in a solution is 
easily and accurately done by means of the saccharimeter. Specific gravity' is a 
physical constant frequently used for testing materials made from agricultural 
produce, and forms an important- test in the case of beer and other liquids. More 
recently the spectroscope has been brought into the sphere of usefulness in the 
testing of foodstuffs, being applied to the detection of small quantities of metallic 
impurities. 

But the testing of textile fibres rests on quite a different basis, and I propose to 
devote the remainder of this short paper to discussing this. The subjective and 
empirical means of distinguishing different types of cottons has necessarily existed in 
this case also and held the field alone and unchallenged until the past few years. 

In a paper which I gave at the meeting of this Congress in Bombay in January 
1926, ' I discussed ' the chemical and physical properties of cotton and referred to 
their several or joint relationship to the various processes of ginning, spinning, 
doubling, winding, warping, weaving, mercerising, bleaching, dyeing, and finishing. 

I pointed out that the most important criterion of the quality of a cotton is its 
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spiiiiiiiig value. Points observed by the cotton grader — such as impiirity present, 
leiigtli, strengtli, and regularity of staple—are of importance because of tJieii* relation 
to the spinning value. The fibre has to be spun, and the grader relies on Ms 
estimate of these qualities as an indication of how it will spin. I showed that the 
limiting degree of Srieness to which a fibre can be spun with greatest profit to the 
spinner is the governing criterion of' spinning value ; at this limiting degree of 
fineness the yarn must have a certain minimum strength in order that it may be 
satisfactory in the later operations. As a practical test for the quality of a sample 
of cotton, therefore, we may displace the empirical test of the cotton grader by 
submitting the cotton to a spinning test, to see how it .actually does behave in 
spinning. This test is invariably made on a sufficiently large sample submitted 
for test to the Technological Laboratory. But even this test is not so simple as it 
looks at first sight, and it is necessary to lay down a series of standards ; strength 
depends upon twist given in spinning ; economic working depends upon having few 
breakages during the spinning process. In testing a sample of cotton at the 
Technological Laboratory, therefore, it is spun with standard twist into three 
different counts, Lc., degrees of fineness. The strengths of the spun yarns are 
determined, and on the results of these, as well as on observations of the behaviour 
of the cotton in the spinning process, the decision is based as to the Hghest 
standard wa.rp counts for which the given cotton is suitable. As already remarked 
the process appears comparatively simple ; but nevertheless, it gives rise to many 
vexed problems :■ — The properties of the fibres are modified by the twist which 
binds them together, but the twist is never uniform in its distribution, the fibres 
are never equal in numbers in every part of a given yarn ; and the fibres do not 
make a constant angle with the yarn axis throughout the yarn. Even yarn- 
strength tests have been the subject of acute controversy ; it is generally admitted 
that the lea test commonly employed is not ideal, and Balls has pointed out that 
the distribution of twist in a yarn at the moment of breaking may differ consider- 
ably from that in the yarn when free from tension, and has come to the conclusion 
that the only really satisfactory method of determining the strength must include 
the testing of the given yarn using various lengths of specimen. This has also been 
the practice to some extent at the Technological Laboratory where tests are made 
on single threads 12 inches long as well as on leas each 120 yards long. There is no 
doubt that it is useful to have a single index of the spinning value of a cotton, and 
for this purpose the highest standard warp counts, based as it is on the lea 
strength, single thread strength, and number of yarn breakages in the ring frame k 
probably tlie best single index at present available. 

Here then is our practical test for determining the quality of cotton. Waste 
produced during the various spinning processes is a check upon the grading of the 
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material by the cotton grader, and tiiis combined with the spinning value of the 

cotton is a check upon the grader s valuation. liowever 

It i.s the aim of the Technological Laboratory to go furtner than this however 

What we wish is to be able to predict the highest standard warp counts merely 
from an examination of the fibre-properties. The .spinning test is satxsiac^ 
far as it .oes, for it bears the closest resemblance to actual practice. But it is an 
expensiv^testto make.andit requires a comparatively large ^ ’ 

which can only be produced by a cotton breeder after some seasons multipiicatmn 
and'is therefoL expensive of Ms time, labour, and land. The grader s test is ideal 
in being rapid and inexpensive, but it is liable to error ; for exaniple, m 
series of coLns he assigned a higher value to a cotton which only spun 20 s yarn 
than to a cotton which spun 32’s, even though the latter gave slightly less waste 
What we desire, therefore, is to replace the grader’s e.stimate (and market-valuation) 
of the fibre-properties by reliable physical measurements of them. I cannot here go 
into details concerning the physical measurements we make ; a brief description of 
the methods is given in Technological Eeports on Standard Indian - 

Suffice it here for me to say that measurements have been and are made of -ue 
lollowing fibre-properties : length, fineness (weight per inch), width, strength, 
rigidity,' convolutions or natural twist in the fibre, and clinging power. ^ 

In my paper of that we may formulate an equation ior 

determining the highest standard warp counts, C, in terms of the fibre-properties, 
a.s follows:— 


C = f ( X, y, z, 


■) 


This is merely the symbolic method of specifying that the highest standard 
warp counts for which a cotton is suitable is a function of its fibre-length 
a, fibre-weight per inch y, fibre-strength and so on. During the past five years 
investigation has been proceeding at the Technological Laboratory, and we have 
now obtained a mass of data which has enabled us to advance some way upon 
rhe road. I said in my previous paper that little or nothing is known about the 
function of the fibre-properties in which the highest standard warp counts may 
he expressed. This remains true at the present time. In order to approach the 
subject we have made the preliminary assumption that this function is of the 
simplest possible kind, viz., a linear one with certain constants. In order tu 
evaluate these constants we have had to employ a statistical method. Now it is 
evident that hitherto the difficulty in using the statistical method has been the 
absence of an adequate supply of data ; our first object, therefore, has been to 
fill this gap. What is particularly wanted in order to solve many of the problems 
of cotton technology is a knowledge of the facts ; our first business has there- 
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fore been to obtain tbe facts, tboiigb it is well to remember liere that our •* facts ” 
are subject to personal errors, experimental errors and most importani of all 
sampling errors, wliicli have formed tbe -subject of some of our most exhaustive 
research work. So far, we have obtained the facts for 95 samples of 

cotton ; we have not only subjected these to the detailed spinning test, 
inc,ludiiig the subsequent testing of the spun yarns, but we have also 
made many thousands of tests on these cottons for the various fibre-properties, 
viz., length, weight per inch, strength, ribbon width, convolutions, and 
rigidity ; and, in 45 cases, the clinging-power as well. The mean values for 
these di.fferent fibre-properties have now been ascertained for the 95 sampies 
of Series I and the 46 samples of series II, and have necessitated the 
making of some half million individual fibre and yarn tests. The equation to the 
line of best fit has been found showing the relation between the finest counts 
and the fibre-properties. This process has involved much statistical work, as we have 
had to use the method of partial correlation in order to obtain this equation, 
about which I may now say a fe^v wmrds in explanation of the method. 

We use the term “ correlation to indicate that there is some association 
betw^een twm or more quantities or qualities ; the correlation co-efficient is a 
mathematical index expressive of the degree of association. All correlation co- 
efficients lie within the range from +1 to — 1 ; a correlation co-efficient of +1 
indicates that under all conditions there is exact proportionality between the 
mean values of the quantities concerned : wffiere there is no relation of any kind 
between the two quantities, then the correlation co-efficient has the value 0 ; the 
correlation co-efficient has a negative value wffien an increase in the mean value 
of one quantity is associated with a decrease in the mean value of the other. 
We have determined the simple correlation co-efficients betw^een the highest- 
standard "warp counts and each of the fibre-properties separately, wdth the follow- 
ing results for the 95 samples ; 

Length . • . . 

Weight per inch . . . 

Strength 

Strength per unit weight per inch , 

Width . . . . 

Convolutions 

Rigidity . . . . . 

Clinging power (45 samples) 

In the case of fibre-length and fibre-weight per inch we have also determined 
the correlation between each of these properties and the highest standard warp 
counts for 274 other (non-standard) samples, giving the following correlations: 
between counts and fibre-length, +-0-86; between counts and fibre-weight,— 0-71. 
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T«kin. a. »tond.id. and noa-atandarfs together, we have the eguiraleot of 460 
»,moles Bivino the coirelatioBS between cooate and hbre-Iength, 
-nt. and hbre-weight, -0-70. All thee. — ne are 
imple’corteMions. From them we have deduced the equatiora of the hue 

ie best fit showing the highest standard warp counts for the values of each fibre- 
OTopertv alone.* We have then applied these equations to the onginal data, using 
S is Siting equations and ascertaining the order of accuracy of the 
predictionlf spinning value from each single propeity. For the 95 samples we find 
kat length gives much the best results, and in practically 60 Per ^nt. of the ca.es 
th'e divergence between the actual and predicted counts does not differ by more t an 
loS c^nt. of the actual value ; in 67 per cent, of the cases the diffjence does not 
excLd 20 per cent. For fibre-weight per inch 32 per cent, of the differences do no 
ekeed 10 per cent., and 60 per cent, do not exceed 20 per cent. The results for 
other properties are not so good. 

Now foom among the mean values of the test-results for the 95 samples we can 
.elect examples of cottons which have the same mean value for a given fibre- 
koperty and yet have widely different highest standard warp counts. Hence, even 
thokh the single property of fibre-length gives comparatively good results, it is 
obviLsly undesirable to restrict our prediction formula to one property ^alone. 
The derivation of a formula to take into account more than one fibre-property as^ a 
somewhat laborious proceeding, and depends on the calculation of the “ partial 
correlation co-efficients”. We have seen that the highest counts are strongly 
positively correlated with fibre-length and strongly negatively correlated with 
fibre-weight per inch, i.e., that for the highest counts of yarn we need long 
and fine cottons, hs^ow if it happened that a long cotton was invariably a 
fine one with an exact quantitative relation between the mean values for 
these pkperties, length, would be perfectly negatively correlated with fibre- 
weight per inch, and the correlation co-efficient between counts and length would 
have exactly the same value as, but an opposite sign to, that between the counts 
and fibre-weight per inch. In this case it is evident that the determination of 
fibre-weight in addition to fibre-length would bring us no nearer to the solution of 
our problem. But if fibre-lengtb and fibre-weight are not perfectly correlated, it is 
possible that the difference from perfect correlation may he responsible for the 
toperfect correlation between the counts and either fibre-length or fibre-weight per 
inch. Evidently, therefore, we must take into consideration the possibility of cor- 
relation between the different fibre-properties themselves. This is done by formu- 

For fito'lengtlij I .* 0=108*2 2— 65'7. 

For fibre-weigW per moll, t£; : 0= 67*2—1 64-1 It?. 
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kting ail equation in which, each independent variable — representing the mean 
value of a fibre»propei‘ty — ha..s attached to it a constant w^ich gives expression to 
the part played by that particular property independent of all the other fibre- 
properties. As previously indicated, the statistical method of doing this is by means 
of the partial correlation co-efficients. Such partial correlation co-efficients have 
been worked out for each pair of properties separately, regarding first one of the 
other properties as constant and then successively 2, 3 or more, until finally the 
partial correlation co-efficients have been obtained for each pair of properties 
independently of all the other properties . measured. In this investigation it has 
been necessary ' to calculate altogether, - 548 Gorrelation co-efficients, 212 for 
Series I (95 samples, 7 properties) and 336 for Series II (45 samples, 8 ' properties), 
distributed as follows : — 


Correhtion co-efficients of 


Series 1, 

Series 11. 

Zem order 

. 

. 21 

28 

First order (one other property constant) 


. 60 

63 

Second order (two other properties constant) . 

» 

. 51 

75 

Third order (three other properties constant) , 

. 

. 42 

70 

Fourth order (four other properties constant) . 


. 27 

54 

Fifth order (five other properties constant) 


. 11 

33 

Sixth order (six other properties constant) 



13 


The most interesting '^ equations of best fit finally obtained in this work when 
more than one property is taken into consideration are as follows : — 


For Guunis in teims of 

length I and weight per inch w : (95 samples), 

0=75*4 l-~-79*5 w— 22'8 ; 

length I, weight per inch w, and strength : (95 samples), 

0=72*5 Z~~93*3w+26*7.5--21 -8; • 

length Z, weight per inch diameter d, strength 5, convolutions or twist t, and 
rigidity r : (95 samples), 

0=71*6 Z~70*8 w;— 20*8 d+17'9 -s-f 0*037 Z-f 4*4 14*1; 

length Z, weight per inch w, diameter d, strength s, convolutions or twist t, 
rigidity r, and clinging power p : (45 samples), 

0=42*7 Z— 66*4 d-~18-7 ,s+0*0277 ^-f 21*8 f— 26*2 jp+39*5. 

It may be observed that when all the fibre-properties wliich have been 
measured are taken into consideration, there is usually fairly close correspondence 
between the predicted values and the actual values of the highest standard warp 
counts. In practically all cases the difference is no more than 20 per cent, on 
either side of the actual value, and in 60 per cent, of the cases the difference is not 
more than 10 per cent, on either side of the actual value, so that it appears that our 
extensive physical measurements would allow us to predict the spinning value with 
greater accuracy than the cotton grader can do with certainty. The mathematical 
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index for expressing the degree of association between, the single property of highest 
standard warp counts and all the fibre-properties tcgetherj is known as the multiple 
correlation cO“effic.ient ; this is as high as 0’93 for oiir 95 samples, showing that the 
highest staiidai'd counts lire calciiJahle from the fibre-properties w.itli a fairly close 
degree of approximation. At the same time, the correlation co-efficient for highest 
standard warp counts and length alone is 0*87, so that the very laborious testing and 
subsequent calculations for all the other fibre-properties have only lifted up the value 
of the correlation co-efficient by 0‘06. 

.It, is. remark able that the correlation between fibre-length and highest standard 
' counts is considerably, higher than V be! ween the .fibre- we,ight , and the highest 
.standard counts. It fo]]ow.s therefore that,; if we are dealing with, a, wide range 
'of cottons, a judgment of their pierformaiice will be more accurate :if w^e .base it 
solely on fi,l)re-Iength than if wr base it solely on fibre-w^eiglit ; and .although it may 
be true,: as Balls maintains, that the long cottons spin better than the short ones 
chiefly because the .long cottons are also the .fine ones, yet as a single index of 
quality the fibre-length stands superior to the fibre-weight per inch and so justifies 
the attribution of so much importance to it by the cotton grader. 

We have seen that’ there is no complete relation between the highest standard 
warp counts and the various fibre-properties., taken separately or conjointly, and 
that some' other factors, must th.eref ore either upset or mask, the influence of the. 
particular properties that have been measured. To what causes may we ascribe 
the anomalies among our results ? Firstly, it is of course just possible that some 
important fibre-property has been overlooked, but before accepting this solution 
we may review certain other possibilities. In the second place, we have assumed 
that a linear relation exists betw^een the highest standard warp counts and the 
fibre-properties. Seeing that the regression curves (lines of best fit) for the 
propGrt,ies of strength and rigidity alone are decidedly nondineai^, w’e cannot 
expect linearity in the case of .the multiple correlation. Thirdly, and probably 
more important, is the fact that the values used for calculating the correlation 
co-efficients are merely average values, and , even if tw^o cottons have the same 
average values for all the different, fibre-properties, it does not by any means 
.follow that the variation' of any particular . property, is the same .for the two 
cottons, and consequently, that the property itself is really the same for both. A , 
fourth', consideration , of .dhe .highest importance must .also be borne in mind,, mz., 
that .'the ..strength of,, a cotton, .fibre is,practicallyspe,aldng,asinglepoint,pheno- 
menon, and the: doubling' together of a : number of fibres .to form a yarn makes 
it possible to take advantage of the strength of the stronger parts of the fibre-— 
indeed, most parts of the fibre are at least 3 or 4 times as strong as the one or two 
weakest points. Thus the regularity of strength along a cotton fibre may play a 
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large part in conferring strengtli or weakness upon the yarn made from that cotton, 
the yarn being comparatively strong or weak according as the strength of the 
stronger parts of the fibre exceeds that of the weakest part to a greater or less 
extent. A fifth consideration is the dispersion of the substance of the fibre : although 
two fibres may have the same fibre- weight per inch, yet one may have a large 
diameter with a thin wall, and the other a small diameter with a comparatively 
thick wall, so that the former on collapse will give a more ribbon-like structure than 
the latter : and it is not to be expected that both will give the same results in 
spinning. 

Here then are a few grounds on which we may yet possibly explain our ano- 
malies. We have made considerable progress in an investigation, still proceeding, 
of the cases where our prediction formida is least successful, and w’e have akeady 
obtained some very promising results. The subject is of course a fascinating one, 
by virtue of the very difficulties with which it bristles. But w’hen all is said and 
done, we must pay our tribute to the cotton grader, who, single-handed and using no 
apparatus but his own physical senses, is able by his empirical method to make 
in two minutes a valuation of a cotton with usually a fairly high degree of 
accuracy, whereas the ad hoc spinning and yarn testing on the one hand, and the 
scientific fibre-testing on the other, each require about two days’ work for the de- 
termination of the quality of a single sample, and they each employ an expensive 
equipment and a numerous staff. Hence it is unlikely that either the spinning 
test or the scientific fibre-tests wall displace the grader’s valuation in commercial 
practice. But where the highest accuracy is required, as in deciding between a 
series of a cotton breeder’s selections of a similar kind, the spinning test must still 
remain the ultimate court of arbitrament, though there is now every hope that our 
research work on the fibre-properties will eventually allow us to offer much more 
trustworthy advice than the cotton grader can do at those early stages in plant 
breeding when the quantity of cotton lint produced is all too small for a 
satisfactory spinning test. 
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The rice plant is one of the most important of the economic plants in India, 

and is very widely cultivated as a crop plant in different countries. The plant bas 
been the subject of scientific study for a very long time past, and agnculturists 
have tried to determine the best conditions for the growth of the plant with a view 
to increase the crop yield per unit area. A large amount of work is done both m 
India and abroad on the cultivation of the rice plant from different points o viev , 
and a good summary of that work is given by Copeland [ 1924 ] in his book on nee. 

The work on the physiology of rice is both scanty and scattered. Few 
observations have been made on its respiration. Bailey and Gurjar [ 1920 ] in 
their studies on the respiration of cereal plants and grains determined the respira- 
tion of paddy and milled rice, and the results indicate a relationship between the 
amount of COg evolved and the percentage of total moisture. The amount of 
increase of respiration with an increase of moisture varied with different species. 

Amongst the soil factors, the water content of the soil is the most important 
in the case of the rice plant. As it is a semi-aquatic plant with its roots standing 
in water, the lowland rice is generally grown in heavy soil where the water does not 
percolate but is retained by the soil. This habit of rice is responsible for many 
peculiarities in its growth. The immersed condition of the roots has opened the 
question of their respiration. Harrison and others [1914] have put forward a 
view to explain how the oxygen concentration of water in the soil is increased by 
the decomposition of various gases,* which appear as decomposition products of 
organic matter. The sui'face of the soil in immediate contact with water is covered 
with a film of soil algas, which utilize the soil gases such as methane and hydrogen, 
and produce oxygen. The film contains certain bacteria which oxidise CH 4 to 
CO 2 , and CO 2 is decomposed by green alg® such as diatoms in the presence of 
sunlight, and oxygen is produced. Green manuring helps in the proauction of 

methane, and this was actually found to be the case. 

The study of the rice plant made by Joshi and Gadkari [ 1923 ] at Karjat, 
Bombay Presidency, is done mainly from the point of view of an agriculturist, and 
they have been able to find out the best methods for the cultivation of rice and of 
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manuring the rice fields at the proper times. But a point is reacliecl in the stiiily 
of the lice plant where a proper study of its internal meohaiiisin iiiay lead 
useful results from an economic point of view. As it is, the knowledge oh taiiiecl 
is more or less ernpiricalj and unless we have some information about the iiiteiiial 
physiological activity of the plants, we are unable to correlate the effect of a 
particular treatment produced on the growth or on the yield of the plant. This is 
true not only of rice, but of all economic plants. Rice is selected for the . purposes 
of this investigation, as it. is a plant which is widely cultivated in the Bombay 
Presidency, and the climate of Bombay is suitable for its growth, and as niiioli 
reliance cannot be placed on results obtained from the physiological studies of a 
plant if it is not grown under identical conditions of climate and soil. 

We have to thank Mr. Gadkari of the Rice Research Station, Karjat, for his 
kind help in sending us fresh seeds and seedlings for transplantations. 

Special beds were prepared for cultivating rice in the garden of the Royal 
Institute of Science, and arrangements were made for impounding wuter in the 
beds and watering during the periods of drought. The seedlings of variety No. 42 
commonly grown in the Kolaba district were obtained from the Rice Research 
Station at Karjat, and immediately transplanted in bunches of four, at a distance 
of eight inches as recommended by Joshi and Gadkari [ 1923 ]. 

It is intended to make a detailed study of the rice plant, including the 
different phases of its nutrition, growth and reproduction which is likely to extend 
over a period of seven years, as the plant is available for study for the period of 
four months only in the year, and that involves loss of time. This investigation 
includes one aspect of rice physiology, viz,, the osmotic pressure and the suction 
pressure of the roots and leaves during the life period of the rice plant. 

In a vegetable cell which is enclosed in an elastic membrane, the cell wall, 
there exist two pressures which are exerted in opposite directions. Firstly, there 
is the osmotic pressure exerted by the cell sap in the vacuole, which is also 
known as the turgor pressure, the turgor concentration of the cell sap, etc. The 
term osmotic pressure is only applicable when the cell is surrounded by another 
liquid or by pure w-ater, and this quantity is denoted by the terms osmotic 
value ” by Ursprung and Blum [ 1916, 1 ]. Secondly, the cell wall is elastic, and 
when it is stretched beyond its normal volume on account of the absorption of 
water by osmosis, it exerts an opposite pressure to the hydrostatic pressure exerted 
against it % the liquid in the cell. The pressure exerted by the ceU wall against 
the cell contents is known as the wall pressure, and that exerted by the cell contents 
against the cell wall is termed turgor pressure. 

The amount of water that passes into a cell depends upon the difference 
between the osmotic pressure of the external medium and the osmotic pressure 
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of the ceU contents the inwardly directed wall pressure This quantity is 

force by Ursprung ,and Blum [1916, 

Bxessure with which the water passes into the tissues. Stiles [l.)24] calls it a net 

suction pressuie or a full suction pressure according as the ^ ^ 

solution or pure water. Mok [1926] uses the tern suction force of the cell content 
for the osmotic value of a cell, and retains the term suction force of tbe cell for 

the pressure with which water passes into the cell. So the suction pressure or he 
suction fcrce of a cell is equal to the osmotic value of the cell contends c 

wall pressure when the surrounding medium is water. The measurement of the 
suction pressure of the cell is, therefore, a true indicator of the force with which 

TWe™eLTnt" f the suction and osmotic pressures of the plant cells have 
been made by various workers before, and they have been correlated to some 
factor such as the soil, plant organs, the different varieties of the species, or to the 

other life processes of plants. 

Thesuclionforceof different varieties of the American and Egyptian cotton 
was determined by Taschdjean [1928] who found that the suction force was directly 

proportional to the germinating capacity of the seeds, the length of the stape and 

the harvest. The osmotic and the suction pressures of cultivated plants^ such as 
beetroots, lucerne and clovers were determined by Bibl [1927, 1, 2]. He found 
that indigenous varieties of other plants had higher osmotic and suction va ues 
than the imported ones. He also worked on the suction pressure of cereals of 
different places, and he found that the oanotic pressure of a species was greater, the 

shorter the vegetative period of that species. 

The observations of Eibl [1927, 1, 2] were extended on vegetables 

and economic plants by Oppenheimer [1927] who discovered that the suction 
pressure was related to the period of germination as Ihe product of both was 

constant. . 

Kandija [1926] found that the daily fluctuations of the suction presssure in 

Beilin perennis were related to the daily fluctuations in the race of transpiration. 
Tbe daily periodicity was also influenced by changes in the external factors such 
as humidity, temperature and light. Blum [1926] also found in some plants during 
the vegetative period, daily periodical fluctuations in suction pressure which were 
related" to the distribution of rain and dry weather. He also found that the plants 
growing without manures show higher suction pressures than manured plants. 
Demdidenko [1926] has, however, shown that -the osmotic pressure of the cell sap 
depends upon the osmotic pressure of the salt solution outside, and an increase 
in the osmotic pressure of the solutions in the soil increases the osmotic pressure 
of the cell sap* 
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Similar variation of the siiction pressiire in the roots of plants were noticed 
by Litwiiiowo [1926]. The variations in the osmotic pressure of tie culture 
solution and the suction force were, found to be proportional to the increasing 
concentration of the culture solution. 

For the purposes of this investigation, it is clear that the determination of 
the osmotic value and the net suction pressure of the different organs and tissues 
of the rice plant for the whole season would be of great interest as the absorption 
of water of nutrients would depend on the suction force of the root stems and 
leaves of the plant. They are also likely to throw light upon the, period when the 
absorptive activities are at their highest pitch. " 

Various methods are employed for determining the osmotic pressure. The 
simplest one is the plasmolytic method of De Vries [1844, 2] which has been 
modified by Ilofler [1918]. For the purpose of this investigation, the pJasmolytic 
method of De Vries [1844, 2] was adopted, as a large number of determinations 
had to be finished, in one day and the results obtained by both methods shoi? small 
differences. 

Table 1. 


Merniitewmi of os ir ohe pressure by iJte plasniolyiic and plasmorminG melJiads, 


— 

Plasmolytic 

method 

PI a smo me trie 
method 

DiSerence 



Atms. 

Atms. 

■ ( 1 

11-66 

12*08 

+0*42 

Leaf slieatli .... . 




o 

lr66 

11*3 

—0*36 

(1 

18*40 

17*7 

— 0-7Q 

Leaf apex ' . . ■ . . ' . . ] 




h 

18*49 

* 18*3 

—O'] 9 

a 

14-35 

13*2 

—1*15 

8pike 1 




(2 

14*35 

14-6 

+0*2” 


In the plasmolytic method which was used by De Vries [ 1844 ] for determining 
isotonic co-efficients, the known solution of sugar which just brings out plasmolysis 
is regarded as isotonic with the cell sap and has the same osmotic pressure. Su- 
crose is generally used for such determinations as it penetrates into the plant cells 
very slowly and consequently does not interfere with the determination on account 
of the lack of endosmosis. The osmotic pressure values in atmospheres of sugar 
solutions of different concentrations have been determined by Morse [1914]. The 


170 



K>il)b\S .JOUENAL OF AGllKJtlJA’DBAL ,SC.IJils(.Ufi L 

Ubta ot tk„. d«eminaao:« gi,eB b, „d Blum [ 1916, 1] and Umprung 

null I-lftvuzr 1023] are made use of in this investigation. + i w wptp 

tine sugar solutions of difarent concentrations ^ 

nreunted in measuring flasks and placed in small glass bottles of 10 to 25 c c. and 
Lid M'ift uto stopped. Tie Bections of « plant organ wore placM m iMeien 
ta 30 to i minute »oordiug to dreir mduro. They wore tlen o«ed 
ranidlY under a microscope for pksmolysis, and the solution in which half of the 
cells ok tissue showed incipient plasmolysis was taken as isotonic with the cell 

'°“ rice seedlings were obtained on July Mth, 1927, and were transplanted on 

tlie saHie day. They were watered daily. ^ ^ , 

The determination of the osmotic pressure was made at different points on the 
nhnt surface to get an idea of the osmotic pressure existing in different organs of 
the plant body. Young roots which are probably the main absorbing organs were 
selected for determining the osmotic pressure, and the pressures of the tissue below 
the tip and the tissue at the base were determined. The observation of plasmoly- 
sis was not restricted to any one position, but a number of sections were kept in the 
solution and the solution in which most of the cells in ail the sections showed in- 
cipient plasmolysis was taken as isotonic with the cell contents of the tissue at 
the tip. The variations of osmotic pressure in different sections were of a minor 
order, so that the Tables given below represent almost correctly the osmotic 
pressures, in the rootlets of the plant on that particular day when measurement 

was made. i i, u i 

The measurement of the osmotic pressure was_ also made towards the base oi 

the rootlets. The cortical tissue was taken for the measurement of the osmotic 
pressure, and the same procedure was followed. 

In the case of the leaves, the osmotic pressure of the leaf sheath and the lamina 
near the apex were examined. Sections were cut parallel to the veins, and the 
mesophyll cells were used for determining plasmolysis. 

Some sources of error are introduced in the determination of the osmotic 
pressure by the plasmolytic method. A long immersion of cells in a solution brings 
about a change in the concentration of the cell sap on account of exosmosis. This 
coaid be avoided by shortening the period of immersion. 

The osmotic pressure was measured at different hours of the day, but the varia- 
tions were found to he slight. Nevertheless, all the measurements were made at the 
same hour of the day, to avoid errors arising from daily variations in the osmotic 
and suction pressures. 

The osmotic pressures that are given below are the pressures in the cells at the 
time of plasmolysis. 
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Table II. 

MeAmmnmUs of the osmotic 'press ure in the wots and, leaves of the doe plant during the 

^v^lole season. 


Date 

0. P. Root 
apes 

0. P. Root 
base 

0. P. Leaf 
elieath 

0. P. Leaf 
apex 





At ms. 

Atms. 

Atms. 

Atm, a. 

July 28, 1927 . 


• 


6*48 


10*38 

12*96 

Aug-ust 8, 1927 , 




7-65 

8*97 

12*97 

17*12 

August 11, 1927 . 




8*98 

1P64 

17*1 

17*1 

August 15, 1927 » 




7-665 

8-99 

14*32 

18-47 

August 22, 1927 , 




11-645 

12-969 

19*89 

22*54 

August 26, 1927 . 




12*975 

14*34 

18-475 

21*35 

August 30, 1927 . 




14-349 

15*7 

17-12 

24*22 

September 2, 1927 




12*965 

15*68 

17-09 

21*35 

September 6, 1927 




10-323 

14*33 

18-45 

21-37 

September 10, 1927 




7*647 

12-97 

18*49 

18*5 

September 13, 1927 




7-55 

12*99 

16-75 

18*5 

September 19, 1927 




6-27 

10*253 

14*35 

18*5 

September 20, 1927 




6-27 

10*253 

14*35 

17-12 

September 23, 1927 




5*04 

7*668 

12*97 

19*37 

September 26, 1927 

« 



7-64: 

8*97 

17*1 

19*93 

September 30, 1927 




6*34 

8*97 

16*76 

19*48 

October 4, 1927 , 

0 



6*34 

8*97 

16*7 

19*48 

October 7, 1927 . 

• 



5*04 

7*64 

12*97 

18*49 

October 12, 1927 . 




5*02 

7*64 

12*98 

18*61 

October 15, 1927 . 





.. 

11*63 

18*52 

October 10, 192/ . 




.. , 

.. 

10*27 

, 15*73 

October 24, 1927 . 




.. 

. . 

10*25 

- 15*74' , 

October 28, 1927 . 




. . 


10*26 

l4*6i' ■ 

November 1, 1927 



. 

. . 


10*26 

12*99 

November 7, 1927 

• 

• 

• 


.. 

10*25 

12*99 
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After the 12th October it was not, possible to determine the osmotic pressure 
of the roots as the roots were almost dead and hence no measurements could be 

On studying the figures it at once becomes evident that the values of osmotic 

pressure vary in the roots. The osmotic pressure in.the cells near the apex is less 

Ln in the cells towards the base. The osmotic pressure in the roots shows a 
periodicity. It increases after the plants are transplanted, reaches a maximum 

towards the end of August, and then begins to fall graduahy. There was a sma 

rise in the osmotic pressure on the 26th September, which was yevj probably due 
to the effect of manuring on the previous day with ammonium sulphate when the 
osmotic pressure rose from 5 atms. to 7-64 atms., but it was only a temporary rise 
as it again began to decline. It practically remained constant towards the end of 

the vegetative period when the roots showed signs of death. 

tLtb is a small discrepancy in the result on the 16th August when there is a, 
fall in the osmotic pressure. It is very likely that this discrepancy is due to 

some experimental error. „ „ , 

In the case of the leaves, the osmotic pressure of the cells follow approximately 

the same rate, though the results are not as regular as they are in the case of the 
roots It also increases slowly, fluctuates around the maximum point for a longer 
time than in the case of the roots, and then begins to decline slowly. There is a 
rise in osmotic pressure on the 26th September after manuring, and then there is a 
steady decrease. The fall in the osmotic pressure in the leaf sheaths is steady 
from ' the 30th September, and remains practically constant up to the end. The 

same course is followed in the leaves towards the apex, except the result on JSov- 

emher 2, 1927, which shows a fall of osmotic pressure by 1| atms. 

The irregularities in the results may be due to local variations of osmotic 
pressures, as it is difficult to take identical parts of leaves and roots for each day s 

determination. _ i , i x i ' -u 

On studying the values of osmotic pressure in the root and the leaf for each 

day, it is seen that the value of osmotic pressure increases from the base of the root 
to the apices of the leaves. This is true without exception as is seen from the 

results. • 

The fall in the osmotic pressure begins : — 

In root apex from 30th August, 

In root base from 3rd September, 

In leaf sheath from 13th September, and 
In leaf apex from 20th September. 

XJrspiung and Blum [1916, 2,3, 1923] in the beginning made iise of the 
volume of the cell undergoing no change in a fluid of Inown osmotic value in detei- 
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mining tlie suction pressure. But as it was difficult to measure tiie Yoliinie isecni- 
rately, the surface measurements of the cell were resorted to. L;iter, they 
developed a simple method in wliicli an average suction pressure of a whole strip 
of tissue could be measured. The same method was' emplo}^ed by Mok [1926] 
in studying the suction pressure of a large number of species. 

As the above method is found very suitable for making daily determinations 
of the suction pressure, it is used in this investigation. 

A rice plant is carefully uprooted and small pieces of the roots are cut off and 
measured in paraffin oil. The paraffin oil is removed by means of filter papers, and 
the strips are placed in cane sugar solutions of graded strengths. The suction 
pressure is measured at two places — ^just below the apex and between the middle 
portion and the base. The pieces of the root apex are split into two as the apical 
region is very thin. At the root base the cortical and vascular tissues are separa- 
ted, and separate measurements are made of their suction pressures. The apical 
and cortical tissue strips are kept for hour and the vascular for 45 minutes in the 
sugar solutions. They are then measured, and the osmotic pressure of the solution 
in which there is no increase or decrease in the original length of the strip, corre- 
sponds to the suction pressure of the strip of the tissue. All the necessary precau- 
tions against errors in measurements arising from parallax, stretching of the folds 
of the tissue under pressure of the cover slip, etc., are taken. The root tips are 
measured in the direction of the maximum stretching. The following table gives 
the determinations of the suction pressures of the tissues of the roots and leaves. 

Table III. 


The sr:ction pressKre in the roots and leaves of the rice plant d'i^r%n(] the whole season^ 

1928. 


Date. 



S. P. 

Near 

Root apex 

S. P. 

Near 

Root base 

S. P. 

Near 

Leaf sheath 

S. P. 

Near 

Leaf apex 

July 23, 1928 



Atms. 

2-456 

Atms. 

3*85 

Atms. 

Atms. 

July 26, 1928 



2*19 

4*43 

V-67 

10*29 

July 27, 1928 . 



4-4 

6*37 

9-52 

10*29 

Ju,y30. 1928 

» 


4*41 

7*13 

7*6 

8*99 

July 81, 1928 

9 


5-07 

6*37 

7-6 

8*99 

August 2, 1928 

9 


3*85 

5*55 

7*1 

10*27 

August 4, 1928 . 



4*43 

Vas. Tissue 
5*07 

Cort. T. 
5-07 

7*67 

12*97 

August 8, 1928 



4*41 

5*1 

4*1 

7*67 

12*97 

August 10, 1928 . 


• 

4*41 

5*1 

4*1 

7*32 

' : 12*24, ■ 

Augustus, 1928 . 


e 

4*45 ' 

6-35 

5-02 

7*2 

11*64 

August 17, 1928 . 



5*1 

7*67 

5-1 

7*2 

13*45 

August 20, 1928 • 



5*1 

8*25 

6-35 

7*13 

14*2.3 

August 27, 1928 . 



5*21 

7*7 

6-41 

7*7 

13*45 

September 4, 1928 



5*22 

7*4 

8*23 

8*96 

15*3 ' 


G 2 
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The suclion fremm in the roots md leaves of the riee plant during the whole .easmt, 

1928 — co 2 itd« 


Date 

S. P. 

Near 

Boot apex 

S. P. 

Near 

Boot base 

a P. 

Near 

Leaf sbeatb. 

S. P. / 

Near 

Leaf apex 

September 6, 1928 

September 10, 1928 

September 1928 

September 18, 1928 

September 21, 1928 

September 29, 1928 

October b,1928 . 

October 9, 1928 

Octobers, 1928 . 

October 18, 1928 . 

OctoW 17, 1928 . 

October 20, 1928 , 

October 23, 1928 . 

October 26, 1928 . 

Atms. 

5‘22 

4’4 

3-7 

4*4 

5*3 

4*45 

4*15 

3*81 

3-02 

3*02 

4*16 

3*81 

3*81 

Vas. Tissue. 
Atms. 
7-65 
7*41 
7*4 
7*41 
9*82 
7*43 
9*53 
8*2 
8*22 
8*21 
9*23 
8*97 
8*97 
11*64 

Cort. T . 

Atms. 

8*21 

8*24 

8*21 

7*68 

10*24 

10*27 

10*27 

8*97 

10*78 

10*79 

10*79 

11*64 

11*62 

12*22 

Atms. 
8*21 
8*96 
8*95 
8*22 
10*61 ^ 
9*83 
9*53 
9*53 
10*28 
10*28 
11*62 
11*64 
11*62 
14*35 

Atms. 

15*3 * 

15*7 
; . 12*97 

14*33 : 

.18*47 ■ 

15*64,,, 

14*3. ^ 

14*98 . 

17*15 

17*15 . 

15*72 

17*14 

17*13 

17*8 


Bed I was mannred on September 21st. i 

Tlie suction pressure near tbe apical region of the root rises for a week after 
transplantation, and then fluctuates between 4 and 6*5 atmospheres. The varia- 
tions in the suction pressure are very little in August up to the middle of Sep- 
tember. Slight variations may be due to soil conditions. It is certain, that the 
suction pressure in difierent individuals may vary witMn narrow limits^ and, since 
these determinations are not made on the same plant every time but on different; 
individuals, these variations in the results are likely to occur. There is a shght 
increase in the suction pressure after the plot is manured with three ozs. of ammo- 
nium. sulphate, but the increase is not maintained, and it again falls to less than 
four atms. 

The average suction pressure in the cortical tissue is less than the average ^ 

suction pressure in the vascular tissue in the beginning, but later on it becomes 
higher in the cortical tissue. Generally it is known that the suction force in- 
creases in roots from the epidermis towards the vascular tissue in each successive 
row of cortical cells, and it falls in the endodermis and in the wood parenchyma, 
while in the rice plant, the suction pressure in the vascular tissue is higher than 
the cortical tissue in the beginning, and though it becomes less later on, the differ- 
ence between the two is not very great. But in this case what is measured is the 
average suction pressure for the cortex. The vascular tissue includes the pith 
and phloem regions and not the wood cells only, and hence the value of the 
suction pressure is higher than that of the cortical tissue, or is nearly equal to that 
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of flip latfer. The values of the suction pressure in these two tissues go ii|:) after 
uiaiiiiriiig, and they remain fairly constant up to the end. 

.Measurements of the suction pressure in the leaA^es of the rice plant 'wej:e 
made simultaneously (Table III). In the case of the leaves, sections were cut 
parallel to the veins in all cases as there ayIH be a difference in the readings if the 
sections are cut at right angles to the veins of the leaves. 

There is a regular rise in the suction pressure in the leaves. It is not so 
uniform as in the case of the roots. It fluctuates between 7 aims, and 8 
atms. in the leaf sheath in July and August, and in the lamina it varies from. 10 
to 13 atm,s. in the same month. In September there is a slight rise in the 
suction pressure but after manuring it goes up to 10'62 atms. in the leaf sheath 
and 18 atms. in the lamina. But that rise is not maintained except towai’ds 
the end of October when there is again a rise in the suction pressure which will, he 
explained later on when the relations between the osmotic pressure and suction 
pressure are discussed. 

Bed I was manured with ammonium sulphate on the 20th September, but Bed 
II was manured on September 5th, to study the effect on suction pressure if manur- 
ed a fortnight before. At the same time the results ohtamed with Bed II may be 
compared to those of Bed I, to see if there are any differences in the values in the 
suction pressure of plants grown in the two separate beds. 

Table IV, 


sucUon 2 )f’essure in the nee plants — Bed II. [Manured ivith ammomnw, sulphate 

on August 5,1928.) 


Bate 

Root apex 

Root base 
cortex 

Leaf sheath 

Leaf apex 





Atms. 

Atms. 

Atms. 

Atms. 

September 7, 1928 




6-15 

8*96 

8*9 

17*17 

September 11, 1928 




5-14 

8*97 

9*8 

16*4 

September 14, 1928 




4*4 

8*96 

9*81 

15*68 

September 19, 1928 




4-42 

7*68 

9-81 

14*32 

September 26, 1928 




4*4 

10*29 

10*29 

14*3 

October 4, 1928 . 




3*67 

8*97 

10*26 

15*35 

October 8, 1928 . 




4*17 

10*8 

10*8 

14*37 

October 10, 1928 




5*01 

10*79 

10*28 

15*71 

October 12, 1928 




4*15 

10*79 

10*28 

15*72 

October 16, 1928 




4*15 

11*64 

10*28 

15*73 

October 20, 1928 




5*01 

11*64 

10*82 

16*42 

October 23, 1928 




5*01 

11*62 

10*8 

16*44 

October 25, 1928 


* 



11*64 

14*37 

I 

17*82 • 


The results show the same regularity as in Bed I, and towards the end of Octo- 
ber the readings agree very closely with those of Bed I. 
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The measurements of the suction pressure in the case of- the spike were made 
side by side, and it was noticed that the suction pressure fluctuated oetween 10 - 
atms. and 15-7 atms. In all cases the suction pressure steadily increased. 

Table V, 


3iate : 

, 

Bed I 

.Bed II 

Bed III 

feci iV 







Atrds. 

Afcms. 

Atixiis* 


bctobeT, 

8th 





10-8 

10*8 

•* 

■ I0*8' ■ 

9» ' 

9th 





10-27 

•• 

10-27 

" ■ ■ 

99 

loth 





•• 

11*64 


11-64 

99 

nth 





.* 


lO-S 


9? 

12tli 






10*63 


11*63 

9» 

IJth 







10*82 

. . 

99 

14th 






.. 

*• 

1301 

99 

16th 






11*62 


• * , 

*9 

17th 





12-22 


•• 

*'* 

99 

18th 






•• 

12*22 


99 

19th 





' 

.. 

•• 

13 02 


20th 





12*22 

14-37 



99 

22nd 





•• 

•• 

13*03 

13'03 

3 » 

23 rd 





12*22 

14*37 

1 

* * 

99 

24th 





•* 


13*2 


9? 

25th 






14*98 

** 


99 

26th 




• 

15*73 

• • 


■■ 


the suction pressures in the same region of the root and the leaf, it is noticed th.it 
at the end of the vegetative period the osmotic pressure tends to become equal to 
the suction pressure. This similarity was noticed after the results on suction 
pressure were obtained at the end of the rice season in 1928. The results of osmotH; 
pressure obtained in the rice season of 1927 cannot be strictly coix]:arablc with the 
results of the suction pressure obtained in 1928, but taking the uiiitorm l•oIldi^ioll^ 
under which the rice plants were grown in both years, the same strain No. 12 ul 
the rice plant being used in both the seasons and the seedlings obtained from the 
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same place for transplaiitatioiij a fair comparison could be made. As the measure- 
ments, of the osmotic and suction pressures are not made inddie same season, it 
introduces an irregularity that the suction pressure is higher than the osmotic 
pressure during the last days of October, as the suction pressure should be equal 
to the osmotic pressure when the wall pressure and turgor pressure are at their 
lowest value, i c., equal to zero. 

To test the view that during the active stage of the plant the suction force is 
less than the osmotic pressure, and towards the end of the season the suction pres-^ 
sure becomes equal to the osmotic pressure, the following two sets of measurements 
ivere made in November. Table VI gives the measurements of the suction pres- 
sure and the osmotic pressure in the various organs of the plant during the begin- 
ning of the vegetative activity. The determinations of both the values w^'ere made 
with the material from the same plants. 


Table Vl. 


Memurements of siwtion and os niatio pressures in the rice 'plant at the beginning oj 

vegetalive activity. 



Osmotic pressure 

Suction x^ressure 

Difference 






1 

Atms. 

Atms. 

Atms. 

Boot apex 

• 

• 

• 

! 

8-97 

2o6 

6-4i 

Root base 

» 


- 

• 

13-03 

7-5 

0*53 

Leaf sbeatb 

* 

• 

• 

• 

14-37 

8-97 

5*4 

Leaf apex * 

• 

• 

• 

• 

17-13 

10-24 

0-S9 


number of deteiiirinations were made of the osmotic and the suction pres- 
sures in the leaves of the rice plant towards the end of the season. The measure^ 
meiits of the osmotic pressure and the suction pressure were made side by side in 
the same leaf, on the same day and at the same time. Similar measurements were 
also made'for the spike.; 
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I Tabde VII. 



Mea&urenmiU of osmotic and smtion pressures of the rice plant at the end of the 

vegetative activity. 


The above results conclusively show that the suction pressure is less ttan the 
osmotic pressure in the beginning, and the osmotic pressure of the tissue becomes equal 

to the suction pressure at the end of the vegetative season and remains so till the 

plants are dead. This fact is of importance as it clearly indicates that the turgor 
pressure in the cells goes on diminishing as the plant gets older, and ultimately falls 

to zero in October. , , ■ i , 

The above observations of osmotic and suction pressures of the rice plant were 

made in two rice seasons of 1927 and 1928 respectively, and it was thought neces- 
sary to measure the osmotic and suction pressures of the plant together in the same 
season, on the same or at least on alternate days. The results are given below in 

Tables VIII and IX. 

Tablk VIIL 


Osmotic pressure^ 1929. 


July 19, 1929 . 

July 22, 1929 
July 24, 1929 
July 26, 1929 
July 30, 1929 
August 3, 1929 
August 30, 1929 . 

August 13, 1929 * 

August 20, 1929 • 
August 24, 1929 : , . 
September 3, 1929 
September 10, 1929 
September 18, 1929 
September 20, 1929 


Root apex 

Boot base 

Leaf sbeath 

Leaf apex 

Atms. 

Atms. 

Atms. 

Atms. 

6*6 

7*65 

8*97 

14-23 

6*23 

7-65 

8-97 

17-12 

6*23 

7*65 

10-22 

17*12 

6*23 

8-97 

10*22 

17-12 

7*66 

8*97 

10*22 

17*82 

7*66 

8*97 

10*22 

; 17'82 

8*2 

10*25 

11*6 

20*01 

8*2 

10*25 

11*6 

20*01 

8*2 

10*25 

12*92 

22 * 54 - 

8*2 

10*25 

12*92 

22*54 

10*8 

14*32 

15*8 

22*54 

11*6 

14*32 

i7*09 

23*12 

8*92 

12*97 

1 8*45 

22*54 

7*65 

10*25 

17*09 

24*22 


Osmotic pressure 

Suction pressure 





Atms. 

Atms. 





18*49 

17-8 

Leaf apex 




17*8 

17*8 

Leaf apex . 




17*13 

17*13 

Leaf apex . 




14*35 

14*35 

Spike . 




14*98 

14*35' 

Spike . 

. • • , 



14*35 

,■ 14*35 

Spike . 
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Date 

.Root apex 

Root base 

Leal sbeatb 

Leaf apex 

Spike 


Atms. 

Atms. 

Atms. 

Atms, 

Atms. 

October 2, 1929 , 

7*65 

10*25 

15*8 

S2*46 


October 4, 1929 

7*65 

10*25 

15*8 

22*45 


October 9, 1929 

6*34 

9*53 

14*32 

21*37 

14*51 

October 14, 1929 . 

7*65 

1 10*25 

14*37 

' 21*37 

15*75 

October 18, 1929 . 

7*68 

10*25 

12*97 

19*93 

14*51 

October 28, 1929 . 


10*25 

11*6 

19*93 

12*99 

October 28, 1929 . 

. . 

10*25 

11*6 

19*93 

12*99 

November 7, 1929 

501 

7*6 

11*6 

17*48 



Table IX. 


Suction pressure, 1929. 


Bate 

Root ap)ex 

Root base 

Root cort 

Leaf 

sbeath 

Leaf apex 

Spike 




Atms. 

Atms. 

Atms. 

Atms. 

Atms. 

Atms. , 

July 20, 1929 





n 

7*65 

10*29 


July 23, 1929 



2-4.5 

5*6 

7*4 

7*65 

10*23 


July 25, 1929 



. , 

6*22 

7*4 

7*65 

10*29 


July 27, 1929 



3*01 

6*22 

7*4 

7*65 

10*6 


July 30, 1929 



3*01 

6*22 

7*4 

8*2 

11*6 


August 3, 1929 



4*4 

6*2 

7*4 

8*2 

11*6 


August 13, 1929 



4*4 

7-61 

8*2 

8*2 

12*8 


August 19, 1929 . 



5*62 

7*65 

8*2 

13*33 


August 23, 1929 , 



6*21 

6*8 

7*65 

8*2 

1 13*45 


September 4, 1929 



5*63 

6*8 

8*82 

1 10*25 

13*45 


September 14, 1929 



6*21 

7*6 

8*82 

' 10*25 

14*4 


September 19, 1929 



5*62 

8*25 

10*25 

11*6 

15*8 


September 24, 1929 



5*22 

7*6 

0-53 

10*25 

15*8 


October 3, 1929 . 



5*22 

8*25 

9*53 

10*25 

17*2 


October 4, 1929 



5*22 

8*25 

9*53 

9*53 

17*2 


October 9, 1929 



5*03 

8*25 

8-97 

9*53 

^ 17*32 

12*22 

October 14, 1929 . 



5*03 

8*97 

9-53 

10*25 

18*4 

12*24 ’ 

October 18, 1929 . 



5*34 

8*25 

9*53 

10*25 

17*32 

12*22 

October 23, 1929 . 




8-25 

9*53 

10*82 

18*4 

11*61 

October 28, 1929 . 




8*25 

9*53 

10*82 

18*4 

11*61 

.November 7, 1929 . 



5*01 1 

7* 

1 

(5 

11*6 

. 

17*48 
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The osmotic pressure at the root tip increases slowly, 
from the 3rd of September up to the 10th of September, and then there is a 

iroBi u . r ^ TKp game is tlic case at the base 

small fall after which it remains nearly constant. The of the 

of ae root., to a. o»e of toe loaf aoatl, too 

cello io attained about a weet late,. »d in toe f «i 

The qnctioii Dressure of thie root tip rises in t.iie oegmni g f 

SeptoW^tLaftet a. light fall, it r^ain. oonatant. Tbia » mot, o, le. 

true of the other parts of the plant where it is measured. 



OSMOTIC AKB SUCTION PEBSSURBS OF RICE PLANT ISl 



Fig. 2. 


la Figures 1 and 2, the osmotic and suction pressures are plotted against the 
t ime. The curves of the osmotic pressure of all the plant organs .show a continuous 
rise in the beginning, and then they fall rapidly, while those of the suction pressures 
show a more or less continuous rise. The wall pressures of the cells in the same 
regions of the rice plant are obtained by substituting the values of osmotic and 
suction pressures in the formula. 
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Suction pressure is equal to osmotic pressure minus the wall pressure ; and the 

values obtained are plotted against time. 



Fig. 3. 


In the roots and leaves the maximum wall pressure exists in the cell towards 

the end of August and in the beginning of September, and they show rapid fall in 
Octoher (Figure 3). In Figures 4, 5 and 6 the osmotic, suction and wall pressures of 
the root apex, leaf sheath and leaf apex are shown together, and in all the three cases 
it is clearly seen that the osmotic pressure becomes equal to the suction pressure by 
a fall in the wall pressure. There is no corresponding fall in the suction pressure 
as the wall pressure diminishes. 
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Discussion. 

the rice plant attains its highest value in the first two 
to rise after transplantation but shows a aepressimi ;n 
after which it reaches its maximum and then begins to 
ninm sulphate has the effect of increasing the osmotic 
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pressure in tte plants. - This is a point of importance as it clearly indicates that' the 
osmotic concentration of the cell sap increases after maiinring. A similar rise in 
the suction pressure was observed. The possibility is that animoniiim sulphate is 
permeable to the roots of the rice plant, which may be the primary cause of its 
absorption, while nitrates of other metals may not be absorbed, which may 
ac(5ount for their low values as fertilizers for the rice plant. It is imdertaben to 
test these assumptions by direct measurements. Much light may be thrown on 
the permeability of ions in the roots, if the degree of permeability of a salt could 
be measured by the increase in the osmotic and suction pressures of these organs. 

Various methods have been employed by different workers to determine the 
permeability of the vegetable cells to the solutes. Stiles [1924] has descrihed 
fourteen different methods devised by different workers for the study of absorption 
of dissolved substances. But no mention is made by them of determining the 
absorption of salts by measuring the rise in the osmotic pressure or suction 
pressure of the vegetable cells. If different substances in molecular strengths 
when added to a soil increase the osmotic pressure in the cells to different degrees, 
it could be indirectly assumed that the salts are absorbed in different proportions. 

It is proposed to follow this line of research next season when the rice plants 
wull be manured at certain stages with different substances and the effect on the 
suction and osmotic pressures will be studied. This method should prove of value 
to agriculturists as it would enable them to determine the nature of substances 
absorbed by the plants and save the lengthy process of making chemical analyses 
of the plants at different stages of growth. 

It is also a very significant fact, that the osmotic pressures and suetion 
pressures tend to become equal towards the termination of the life period of the 
rice plant. The osmotic pressure becomes equal to the suction pressure 
when a living cell is artificially plasmolysed by immersion in a strong 
solution of higher osmotic pressure, i,e., when the turgor pressure and the wall 
pressure fall to zero. This is the state of the cells in the rice plants in nature 
at the end of the vegetative and Teproductive periods, as the results very clearly 
indicate (Tables VIII and IX). It means that the cell walls have lost their 
elasticity and consequently, the cells have lost their turgor pressure which is an 
important feature of the living cells. The suggestion that the cell walls have lost 
their elasticity would present an apparent difficulty in the measurement of the 
suction pressure, as the suction pressure of a tissue is measured by the determiiia- 
tioii of the strength of the standard solution in which a strip of tissue suffers no 
change of either elongation or contraction, and if the cel! walls have lost their 
elasticity, the measurement of the suction pressure should be an impossible task. 
But OB studying the actual figures giving the percentage elongations and contrac- 
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rdimension is noticed, and the difference in the percentage elongatioRS or centra, - 
tioL of the strips of tissues in two solutions, different m concentration by 0 16 M, 
become less and less as the following figures show 

Table X. 

P„c»(«je o««>ractim, oJ tU !& »>S« 'if 

the rice plant from Jidy to OGtober^ lydo. 

Variation per cent, in original lengths of strips of tissues after being carried 


DiSereaice in concents. 

July 

August 

Septem- 
ber ist 
week 

Septem- 
ber last 
week 

October 

1st 

week 

October 

last 

week 

Boot apex. 


-~1*43 

-.■s 

—1*8 

0*4 

—1*4 


0^15 

1'93 

3*1 

3*35 

2.31 

0*81 

» , 

Total Variations . 

3*36 

4*9 

5*15 

2*71 

2*21 

. • 



Boot i^as. 






3*76 

3*9 

1*7 

1*01 

0*24 

0*15 


2*9 

6-0 

2*9 

0*362 

0*68 

Total Variations «' 


6*65 

9*9 


1*372 

0*82 


Boot cort. 


— ”■ 

3*4 

3 

4*9 

2*04 

0*8S 

0*7S 

0*16 

1*3 

2*3 

1*39 

2*16 

0*61 

0*19 

'Total Variations; . . • 

4*7 

5*3 

6*29 ' 

4*19 

M6 ^ 

0*92 
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' Biffereace in concents. 

July 

August 

Septem- 
ber 1st 
•week 

Septem- 
ber last 
week 

October 

1st 

week 

October 

last 

week 

Leaf sheath. 


1*5 

1*56 j 1*5 

i’94 j 2*98 

i 

J 

2*6 

2 '3 

0*44 

0*1.5 

1-7 

1*18 

0*65 

0*22 

Total Variations . 

3*2 

3*5 

4*48 

GO 

2*95 

0*66 

Leaf ttjiea?. 


0*67 

2*12 

1*44 

0*57 

0*82 

0*207 

0*15 

2-32 

1*06 

4*2 

2*3 

0*38 

0*422 

Total Variations . 

2*99 

3*18 

5*64 

2'S7 

1*2 

0*629 


Summairy. 

The osmotic pressure of the roots and leaves is determined by the plasmolytic 
method of De Vries, different molecular concentrations of sugar somtions being use 
as nlasmolysiim fluids. The pressures in atmospheres corresponding to each strength 
S are tall from the tables given by Mols [1926], and Urspr^g 

and Blum [1916, 1. 2]. The osmotic pressures of the tissues at the root ape. , o t 
base, leaf sheath, and leaf apex are determined. The pressures given are the average 

osmotic pressures of the cells of each part ^ 

The osmotic pressures m all cases siiow a perioaicii- y . ^ ^ ^ ^ 

osmotic pressure begins to rise as the season advances, reaches a maximum an 
then falls. Slight fluctuations of the osmotic value are noticed duimg the early 
stages after transplantation. Manuring with ammonium sulphate seems to mcrease 
the- osmotic pressure in the roots and the leaves. The osraotic pressure _ 
increases from apex towards the base and in the leaves from the base 
apex, and the same relations between the osmotic pressures of the root apex, 

ba.., leaf 

The osmotic pressure of the roots fluctuates between 14 ana 0 U.1 a 

leaf between 10‘25 and 24‘ 12 atms. . i j. • a Anrina tba whole 

2. The suction pressure of the same organs is f ® ^ 

season. The suction pressure values also show a similar periodicity as the orotic 
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mo ■, , 

t— rrr-o«c 

sn,.^ ^^Huction pMSUie of tie roots fluctotes between 3 aid M 

remams constant, ^e ^ ^ ^l,e base. The suction pressure of tbe 

atms. at the apex and from 4^ . „ . Tj^ge and from 10-6 to 19-3 atms. at 

lea™ Snotnates between 7 and 14 atma. at the base 

the apex. ehanees in osmotic pressure prodnced by theabsorp- 

llontf a.:3":lt:fL— .wUera salt is absorbed by a 
plant or not. 


befbrbnces. 

^tno(<iuoteAinBot. OerUralblatt. Neue Folge Band 

Heft 10-11). 

3. 300.S13. (.noted in Bo. OeniraMlaU. Nona 
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^laZt NeueEolge Band 10, 

Fortsckr.LandM. 2, 123 (.noted in Bo. Cer^rdbMt. None Folge Band 10, 

HarSon !nd Snbramania Iyer (1914). Mm. Dept. Agric. Mia. Glem. Series 4,173. 

UHfler a918) Ber. deal. Bo. Oes. 36, 414 (.noted by Stiles 19-4). 

Hofler(1918) . ^ BaB.No.n4. 

'iSuf (S2t) Ube; Bie periodisien Schwanknngen der Sangkraft, Dissertation Freiburg 
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Nene Folge Band 9, Heft 5-6). 

M ?S (quoted by Stiles. 1924). 

OpjSr m tiislr.LanaM. 2. 215 (.noted in Bo. CentraMaU. None Folge Band 

t!fl»!'nq24i PermLbility. New Phytologist Reprint No. 13. Wheldon and Wesby Ltd.. London. 

Tiohdjean (1928). Fortschr: Landwirtsch. (as quoted in Bo. Oenimlblati. Nene Folge Band l i, Hof 

Uxsprmig and Blum. (1916, 1). Ber. deal. Bo. Oes. 34. 88 (quoted by Stiles, 1924). 

(1916,2). Ber. deut, BoL Ges, 

: .(1916,, 3). Ber. dmL BQtGes.Z^,o^^9 (quoted hjStilBB.WM}. 

" (1923). : Ber, Bor0e.<f. 34, 338 (quoted by Sliles* 

(Jrsprnng and Hayoz (1922). Ber. 0fis. 40, 368, 


ON THE NATURE OF THE REACTIONS RESPONSIBLE FOR 

SOIL ACIDITY, 

PART I. ON THE TITRATION CURVE OF ACID CLAY. 

BY 
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With four text-figures. 

Theoretical considerations. 

Tlie nature of reactions responsible for soil acidity has been the subject of con» 
troversies. Two rival points of view are met with : (1) The reactions involve com- 
plex insoluble alumino-silicic acids and are of the usual type. This view is known 
as the true acid theory [Chemical Society, London, 1924, 1925, 1], (2) “ Physical ” 
adsorption processes as distinct from ordinary chemical reactions are responsible 
for the acidity. Bradfield [1923,1924] has dealt with the advantages of the 
first. His work has a direct theoretical interest. The colloidal fraction has been 
separated from soil as a physically homogeneous mass by centrifugal force. 

The colloidal fraction of an acid soil is considered to be itself an acid which 
ionises to produce a definite Soerensen value and show a definite titratable acidity 
or normality on titration with strong bases. The fact that the acid is colloidal 
explains why it is not found in colloid-free aqueous extracts. The anions of the soil 
acid*' are ^"'the charged colloidal particles”. The properties of saturated, uri- 
saturated and infinitely dilute solutions of such colloidal acids, their strengths and 
dissociation constants form the subject of investigation. 

Reactions in the interface are referred to by supporters of both theories. The 
adsorption theories are termed physical, probably because the adsorption is 
attributed to capillary forces as embodied in the classical work of Gibbs, 
Preundlich and others. The adsorption theories of soil acidity, as developed by 
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C»«».n[lM 0 ], PaA.. tlM 3 ] and 

W &«‘«J Z Ichaninm of tko process, but api»rently 

o’Iid°er.itto r«,rdtfromcapfcyforc» Tbe 'i.“ 

systems constitutes the main, asis o e ™ . . , , , j.(; jg sometimes 

0-11% /o.p Tinplanx Pauli and Soereneen on colloidal systemsj. ^ 

»L;“f a con^da. a^— p :lfd 7 .T:ri:r» 

hmitertions ^ The different fractions of the colloidal acid 

Sl ’■trfur :t s trr 1: 

”“i:«al acidity on titration w* encess of 

1- -+ 1 ,^.^ that a siven mass of the colloid contams a definite mass of hydrogen 

or. that a given mass adsorbs om its s^e a 

Lfinite amount of hydroxyl ions. But the stoichiometric character of ordmary 

• I nnsists in the stoichiometric nature of the ratio of the number o rep « c 
» a"tbat of each other type of .ton. ^ the acid nroho* 

S, ilec*r weight and the baeicity of an acid 

stoichiometric relationships are lacking in colloidal d 

Such colloidal particles would show a progressive reaction wit ^ f ^ 

' a are exposed If tlie particles be very small tliev ma} itact 

-I “molecuW’. The manner 011* 

of the pH of soliSions of the colloidal acid with different amounts per 
as obsmved by Bradfield, would also be expected in case acids were Resent m tin. 
interface in Idsorption equilibrium with the intermiceUary liquid (uluch ui 
^ti^L the limiting minimum value of the pH). Further, systims of dunged 

particles with a double layer may show the observed variation uithout it, .;u ig 

TcesW to regard them as solutions of weak acids. These aspects will be de 1 
with in iis series of papers as being of importance in interpreting expeiimental 

this paper simpler reactions involving the interface between a solid (acidic 

or basic) and' » liquid where the former is present in excess of the quautiiy 
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■required for ■crystalloidal saturation have been studied. TJae following systems 
have been dealt with 

(A) Titration curves of saturated solutions of cinnamic^ iso-phtlialicj 

and j)~toluic acids with or ■vvitl3out excess of the solid phase and 
varying times for interaction after each addition of alkali. 

(B) Aluminium hydroxide sol. 


Experimental. 

Electrometric titrations (e. mi.) w^ere performed with hydrogen cells against 
normal calomel electrodes. A Leeds Northrup K type potentiometer w’'as used. 
Three sets of titrations (with caustic soda) were performed {35°C.), (1) with 
saturated solution, (2) with a known weight of the acid in excess of that recpiired 
for saturation (the hydrogen bubbles keep the solid in suspension) ; (3) as in (2) 
but in a set of bottles with varying amounts of alkali the mixture was vigorously 
shaken and left for 48 hours. 

The hydrogen electrodes used were of the Hildebrand type. In the form used, 
a fairly wide glass tube was taken as the main vessel, the top of which was closed 
with a cork having twB bores. Through one a tube containing a platinum foil 
was introduced and through the other a micro-burette reading up to '01 c.c. was 
inserted. Hydrogen entered at the bottom of the tube and escaped through a 
small trap. The main tube was also provided with a side-tube fitted with a 
stopcock. 

The e.m.f. was steady after hydrogen had been passed for about 30 
minutes ; after the e.mi. had been noted alkali w^as again added. A 
saturated KCl bridge was inserted between the narrow side-tube of the hydrogen 
vessel and the calomel electrode. There was thus two junction potentials on the 
two sides of the trap. The observations indicate more reliably the relative changes 
in the pH. The bulk of the alkali (NaOH) was taken in a bottle coated inside with 
high melting pure paraffin, and the requisite quantity of baryta was added to the 
caustic soda solution to free it from carbonate and kept free from contact with the 
atmospheric carbon dioxide. The solutions were made decinormal wdth regard to 
potassium chloride by dissolving the solid so as to make them sufficiently conduct- 
ing. Where the solubility of the substance was moderate it w^as sufficient to add 
0*14 grin, of KOI to 20 c.c. of the saturated solution. This volume was used for 
titration. The total volume of the alkali or acid added during titration was 
between 2 — ^2'6 c.c. ■ • 
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The alumimum hydroxide sol was prepared by adding slightly less than the 
e^uWent o/a— » hytoride 

vigorous stirring to a solution of aluminium chloride (normal), fhe i su ^ 

° .oil ii i j' 1 ■ ’ I fnr 1 5 davs A trace of chlorine was still pie- 
was purified by ‘hot dialysis (70 C.) for iO days, a 

sent The chlorine-ion concentration was determined by means of silver chloin . 
electrode [Koyes and Ellis, 1917]. The total chlorine was 

50 c.c. of the sol in a boiling solution of moderately concentrated nitric acid 
and measuring the chlorine-ion concentration by the silver chloride eiectrodes. lhe 
change of pH with dilution of the sol was determined by the hydrogen electro . 
The solution contained O'U grm. of KOI per 20 c.c. Electrometric titration o 
aluminium hydroxide sol and its dilutions containing excess of alkali were carrie 
out with hydrochloric acid. The pH of dilutions of the sol was also determined after 
neutralising the acid corresponding to the free chlorine by adding the requisi e 
amount of alkali to the sol. The strength of the NaCl formed was caicula ed and 
all dfiutions of this neutralised sol contained the same concentration of this smt. 
This ‘neutrar sol and its dilutions were also electrometrically torated. .mnlar 
experiments were carried out after neutralising the acid corresponding to the tota 
chlorine. Lastly conductometric titrations of the original sol and some dilutions 

were also performed. 

Eesums and Discussions. 

A. The dissociation constants have been calculated from the approximate 
equation. 


pH = pK -h log 


[ salt ] 

“"r _ 7* If T*" 


( 1 ) 


where pH = log -1— and pK = log - 1 - , K being the dissociation constant 

[H] K 

of the acid. The saturated solutions present no difficulty if the coiiceiiferaticEi oi i.lie 
salt is taken as equivalent to the amount of a,lkali added and the residiui-I acid calcii- 
Jated in the usual way. In the other cases, K has been calculated by using (i) the 
total quantity of acid including the solid, (ii) the constant stieiigtli of the siit orat- 
ed solution of the (strictly the undissociated) acid, and (iii) the j,pproxiinaie neuira- 
lisation 'point indicated by the titration curve. These values ofK(A lU ) a,ru 
given respectively in columns 5, 6 and 7 of Tables I to "S/ L 

Cohmm 1' gives c.c. alkali; 2, the concentration of the saJt ; -h that of the ire.e 
acid pH and 5, K (X lO'"). The concentrations of salt and pure acid are 
as moles per litre. 
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Table !• 

Cinnamic acid {!), 

Saturated, witliout solid phase : 0*5624 grm. per litre ; 0*1086 N NaOH used. 


1 

2 

3 

4 

5 

0 

. . 

‘0038 

3*439 


0*16 

•000861 

•002939 

4-055 

2*63 

0*24 

*001287 

‘002313 

4*275 

2-76 

0*40 

‘002129 

•001671 

4*607 

3-16 

0*48 

•002545 

•001255 

4-834 

3*02 

0*64 

*003367 

•000433 

5 * 413 ' 

3*02 

0*80 

0*88 

1 Excess 

3 alkali. 

9*585 

1 9-836 

. » 


Table II. 


Cinnamic actd (2), 


With solid phase : total acid *02 grms. in 20c.c. ; 0*1086 N NaOH used ; e.m.l, 
measured within 30 min. after the addition of alkali. In columns 5, 6 and 7, 
K ( X 10’"') has been calculated as explained before. 


1 

2 

3 

4 

5 

6 

7 

0 1 


■006757 

3-442 

. . 


. . 

0*08 

■000432 

•006325 

3-518 

2*09 

3-47 

302 

0*12 

•000647 

•006110 

3*737 

1*95 

3*09 

2-88 

0-16 

•000861 

•005896 

3-852 

2*04 

3*16 

3'09 

0*26 

■001393 

i *005364 

4*098 

2*09 

2*95 

3*31 

0-42 

■002234 

1 *004523 

4*428 

1*82 

2*19 

3*31 

0*58 

•003061 

1 *003698 

4*740 

1*51 

1*48 

3*31 

■■ , 0*74 

■003874 

•002883 ■ 

5*041 

1*23 

■ , 0*933 

3*93 

0*88 

•004577 

*002180 

5*477 

0*692 

0*398 

8*91 

1*04 

1*18 

^ Excess 

! alkali. 

^ 10*103 

1 10*298 

•• 
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Table III. 

Ginnamio acid (3). 


[ I, 11. 


Excess solid ; pH after 48 hours: interaction with alkali, O' 1086 NaOH: 
K X 10® in columns 6 and 6 calculated as in Table 11. 


1 

2 

3 

4 

5 

6 

0 

« • 

•006757 


3-444 

•• 

.... 

0-1 

•000540 

•006217 


3-671 

1*86 

, ■ 3«02 , 

0*6 

■003211 

•003546 


4-254 

5-01 

4-68 

0-7 

•003672 

•003G85 


4-383 

4-90 

3-98 

1*0 

•005171 

•001586 


4-701 

5*25 

2-2 

I “2 

•006147 

•000610 


5*288 

5*13 

0*83 

1*3 

1 


j 

7-891 


. . 


>■ Excess alkali. 




1*4 

) 


( 

• • 


« . 


Table IV. 
p-toluio acid. 


Saturated solution without solid phase : srrms. per litre: OTlll A^ NaOH 

used. 


1 

2 

3 

4 

5 

. , 

.. 

•003777 

3-377 

. ,, 

0-12 

•000662 

*003115 

3*691 

4*37 

0-20 

•OOilOO 

•002677 

3*91 -4 

5'iii 

0-32 

•001749 

■002028 

4.*249 

4*90 

0-47 

•002556 

•001222 

4-631 

4*90 

0-58 

■003131 

•000646 

0*259 

2‘69 

0-68 



r 8*778 

, .. 

0-79 



10*3i9 



y Excess alkali. 



0*94 

1 

j 


j 10*649 


1*06 

j 

j 


1 10*769 

■ ■ . . 
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Table V. 
p4oluic acid. 


Excess solid present: total acid *02 grm. in 20 c.c. ; O-llll N NaOH. used; 
measured witiiii. 30 mimites after addition of alkali ; K X 10'^ in coliimiis 5, 6 
and 7 calculated as in Table II. 


1 

2 

3 

4 

5 

6 

7 



■007353 

3*413 




0*08 

■000442 

•006911 

3-641 

1*44 

2'6E 

2-67 

0*20 

•001100 

*006253 

3*836 

2*57 

4*27 

6'01 

0*32 

•00174,9 

•005604 

4*137 

2-29 

3'40 

4*90 

0*44 

•002391 

•004962 

4*388 

1-96 

2-67 

5-01 

0*67 

003078 

•004275 

4-585 

1-86 

2-14 

5*01 

0*74 

•003964 

■003387 

6*016 

112 

1*02 

. . 

0*86 

'1 


r 9*224 

• . 

. . 

. . 

0-98 

i" Excess alkali. 

{ 9*689 

- . 



rio 

.i 


L. 9-901 

« * 

* * 



Table VI. 


f-tolidc acid. 

Excess solid present : pH after 48 bours contact with alkali : total acid 
0*02 grm. in 20 c.c. 0*1111 N HaOH used: K X 10"’ in columns 5 and 6 cal- 
culated as in Table II. 


1 

2 

3 

4 

6 

6 


, . 

•007363 

3-3SS 

6*26 

6*46 

0*5 

•002709 

•004644 

4-045 

6*25 

6*01 

0*7 

•003757 

•003896 

4-299 

6*25' 

4*37 

0*8 

•004273 

■003080 

4*418 

6*26 

2-88 

1-0 

•005290 1 

•002063 

4*692 


. . 

1*2 

1 


4*986 


» . 

1*3 



5*442 


. • 

1*4 

Excess alkali. 

9*281 



1*6 



9*611 



1*7 


i 

10*008 

L 



Table VIL 


Isoplitlmlic ucid mturated solution. 

O* lili A^ NaOH iisedf 

NaOH (c.G,.) 0 *08 *24 , *40. ■ .. .*48 ■. *56 *64 *72 , ■ *80' 

pH , 3*00 3*41 3*83 ■ . 4*54 . . 5*01 7*60, 8*87 ' 9*18 9*41 

Excess of solid present : interval of 30 minutes ; *01 grm. of acid in 20 c.c. 


NaOH{o.o.) 

pH 

0 -05 -10 -15 -25 - 35 

$•31 3-43 3-57 3-74 4-00 4-30 

•46 *65 

4*61 4*97 

*66 

5*58 

'75 *86 

9-41 ■10-08, 


As above after 48 hours. 




NaOH (e.o.) 
pH 

0 -10 -60 -80 

3-30 3-48 3-94 4-42 

1*10 
' 6*41 

1*20 
' 8*4 ■ 

■ ,1*30 
9*46,;, 
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The results are given in curves 1, 2, 3 respectively in Figure 1 


c. c.ofNaOa. 

Ftfl. 1 . 

The preceding observations present features characteristic of a sparingly 
soluble acid when tne solid phase is also present. In interpreting the titration 
curves the rate of reaction at the interface has to be considered and a difficulty is 
met with in finding out the concentration of the acid in equation (1). In case of a 
colloidal solution of an insoluble complex {e.g., aiumino-silic’c) acid the stoichm- 
metric concentration of the acid and its basicity are unknown. There is definite 
evidence that these coUoidal particles {e.g., ferric hydroxide or copper feiioeyanide) 
carry a fairly large number of units of electronic charges. But Bradfiekl obtained 
of two dissociation constants only^. In the present work also there is 
evidence of one dissociation constant only inspite of the particles ha\irig a raige 
dimension than what is usual with colloidal particles. 

In Tables II to VI, column 7 shows the least variation in the dissociation 
constant. The total acidity of the solution of an unknown acid in suspension 
(or colloidal solution) would be determined from the neutralisation point, prefer- 
ably of a conductometric titration curve. But its theoretical significance is not the 
same as for molecular crystalloidal solution of an acid. For (O') a comparison of 
the preceding tables will show that the time of interaction determines the effective 
total acidity ; {b) the stoichiometric concentration of the total acid of the unneu- 

* Puri [i930] ias reoeatly shown that the aoidoid in a fully uasatnrated soil behaves like a tri-baaic 

a@id« 
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tralised aoid^^.e., tlie number of molecules (particles of colioklal acid) per unit 
volume (litre) cannot be estimated unless tbe basicity is known, (c) the stage of 
dissociation involved should have to be considered, (d) also if we take the 
maximum amount of neutraiisable hydrogen ions for the calculation (column 5), 
the dissociation constants are less satisfactory than in column 7. If the colloidal 
particles of the clay are to be regarded as molecules of a polybasic weak acid (either 
ill successive stages of dissociation or undissociated), then the neutraiisable amount 
should be used for the calculation as in column 5. Theoretically column 6 should 
give the most satisfactory constants. The deviation is to be ascribed in part to the 
use of the approximate equation but cannot be wholly accounted by it. When the 
alkali had sufficient time for the interaction (Tables III and VI), the method of 
calculation used in column 6 gives values of the dissociation constant which 
remain steady up to a much higher alkali concentration. The wide variations in 
the constants should be ascribed in part also to the insufficient time (30 min.) 
for attainment of the equilibrium. The smaller dissociation constant indicates that 
the concentration of the acid used in calculating the constant is greater than what 
actually exists in the solution. In addition to the non-attainment of the 
equilibrium, the concentration of the total free acid will be less than that in a 
saturated solution in view of the high concentration of the salt. The constancy in 
column 7 is, therefore, misleading so far as indications of actual dissociation 
constants of cinnamic acid are concerned. Similarly the remarkably smooth 
curves in Figure 1 show on first sight as if there were three monobasic acids with 
dissociation constants increasing from curve 1 to 3. The dibasic character of the 
acid is not brought out. 

Colloidal solutions, however, present additional features which make the 
interpretation of titration data more difficult. 

B.Jltmnndum hydroxide scL — Colloidal solutions may or may not be one-phase 
system [ Indian Science Congress, 1929 ], bid it cannot he denied that interfaces take 
fart in reactiom in them. The interaction betw^een ions in the interm^ellary 
solution and the solid side of the interface play an important part in inorganic 
colloids. It is necessary to distinguish between the properties of the interface of 
the ftire colloid and the liquid apart from those of the interface resulting from 
reaction with solutes in the solution. The aluminium hydroxide sol had a total 
concentration of chiorine equal to 0*006 iV. Sol B was obtained by neutralising 
the free chlorine by addition of the requisite amount of alkali. The total clilorine 
was neutralised in a similar manner (Sol C), and the hydrogen-ion concentration of 
the two sols determined for different dilutions. CcF* gives the free chlorine-ion 
concentration, Cci the total chlorine and Ch the hydrogen-ion concentration. The 
three sols had diffeient akiminium-contents. 
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Dilution. 

for cnrre 1 . ®-4 5 for omto 2. for curve 3 . ; for curve 
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Fig. 3. 

Carbon dioxide from the atmosphere was present in the solution. This should 
be taken into account. Curves 1, 2, 3, 4 (Fig. 2) give respectively the hydrogen- 
ion concentration of Sols A, B, C and pure nydrochloric acid as measured with the 
same arrangement. The conductometric titrations of sol A (dilutions 4 and 8) and 
of pure hydrochloric acid are given in curves 1, 2, 3, respectively, of Fig. 3. 
From Fig. 2 the total acidity for the two dilutions are found to be respectively 
2 X 10-* and 1'2X 10-^. They are thus intermediate between the free hydrogen and 
chlorine-ion concentrations (Table VIII). These values as also the curves in Fig. 2 
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slow «>»* »u A and B bolav. on tie wlol. a. fairly strong acidB. The inM 
noition of curve 1, Pig. 2 slow that alnminium sons present, either on the so 
sidtof the interface, or, in a state of eolation, hydrolyse on dilataon and proda» a 

tafior action resisting tie diminution of the hydrogen-ion concemration on Ma- 

tion The difierences in the slopes of the curves m Fig. 3 also show that ai i 
SI Is “ taking part, lie great similarity in the form of the 2 -4 

4 in Fig. 2 probably indicates that the alnminium ions are small m number m so 
Ld tbit dLtion merely changes the hydrogen-ion concentration of^ the interm- 
cellarv solution. The departure from a straight line m both cases is to be ascrib 
to *e condaotivity of the water used and to carbon dionid, (P”^, 
of ammonia). Curve 3 shows that such impurities are present. These observ 
tions bring out one fact unmistakably, namely, that the electro-cheimcal properties 
of the sol more resemble those of a moderately strong acid than those of a we- 
base in coUoidai solution and that the interaction between alummmm hydroxide 

and hydrogen ion, as affected by the dilution or the concentration of the latter _ 
the eLent of the interface, is the most significant factor. Bradfi eld s method of 
preparation of the coUoidal clay acid does not seem to render ^ ^ 

traces of electrolytes involved in the present experiments or pee aluminium 

iSr.” fctiicL acid. The nature and amount of th.» cl^Wytee at. 
‘Cat influmtee on the popertics of colloidal 

bases In this particular instance the acidity as measured by conductometri 
titration has very little to do with the colloidal substance. The electrolyte {hy- 
drochloric acid) present in the sol plays the dominant part. 
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c. o. HCl. 

Fig. 4. 

Titration curves of Aluminium Hydroxide Sol. 

Symbol 0 refers to Sol A (dilution zero), while A refers to 
the same after two days’ interaction with alkali. 01 refers 
to Sol A doubly diluted, while # refers to the same after 
two days’ interaction with alkali. 

Titration experiments with excess of base were performed. These have the 
interest that the acid is eliminated and the acidic character of the ampholyte is 
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likely to be indicated. The data are given in Fig. 4. 7 c.c. of 0 lllliV sodium 
hydroxide were added to 20 o.c. of the sols A, B, C and the pH corresponding to 
different volumes of a normal solution of hydrochloric acid was measured. These 
curves also show the expected effects of time and tlie interaction of the interface 
with the electrolytes in solution. The initial portion of the curve also indicates 
(compare titration curves of hydrochloric acid with those of weak of 

mixtmes of sodium citrate or borate with hydrochloric acid Clarke, that 

we are dealing in the main with neutralization of a strong base by an acid. As is 
to be expected the added alkali plays the dominant part. The acidic piopeities of 
aluminium hydroxides are so weak that the extent of interaction between it and 

the alkali produces very little difference in the corresponding curves 

It is not claimed that the systems dealt with in this paper present features iden- 

tical in every respect with the coUoidal clay acid or soil. These simpler systems 
hale to be studied in detail before the validity or otherwise of the nval pomte of 
view is established and they serve as a guide to further work which wdi be dealt 
with in subsequent papers. r • i 

The continuity of this work has been fm-thered by a grant from the Imperial 
Council of Agricultural Eesearch and we thank the Council for their help. 

Summary. 

1. Titration curves of saturated solutions of cinnamic, iso-phthalio and p-tolme 
acids both in presence and absence of excess of the solid phase and for different 
times of interaction with the alkali have been given. It has been shown that ah 
though excess of solid is present, evidence of only one dissociation constant is 
obtahied and that its value depends, as is to be expected, on the condition of mter- 

2. That part played by traces of electrolytes present in colloidal aluminium 
hydroxide in determining their behaviour and its relation to the interpretation of 
titxatioa curves liave been pointed out. 



titration curve OE acid CI^xlY 
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(With one text-figure.) 

Foreword, 

In ^.pril 1926, the Indian Central Cotton Committee, Bombay, sanctioned a 
research scheme, financed by a non-recurring grant of Es. 6,000 for apparatus and 
laboratory equipment, and an average recurring grant of Es. 17,000 per annum for 
a period of five years. The scheme, the total cost of which amounts to about a 
lakh of rupees, makes provision for a staff of one Assistant Cotton Entomologist, 
three Field Assistants, one Statistical Assistant, one clerk and a dozen of fieldmen. 

The present paper deals with a portion of the investigation carried out imder 
this scheme. This contribution deals with the caterpillars in hibernation and the 
environmental factors which influence their development and emergence of moths 
which start infestation on the next crop. 

The responsibility for the data collected falls on the three Field Assistants. 
The Assistant Cotton Entomologist is responsible for compilation and has been 
helped in this work by the Statistical Assistant. 

The wmrk was done under the guidance and supervision of the undersigned. 

It is suggested that, if a scheme for treatment of seed is inaugurated, fumiga- 
tion under vacuum should be given a trial. It seems that this method will be more 
efficient and economic than heat treatment of the seed. 

M. AFZAL HUSAIN, . 

Entonwlogist to Government^ Punjab^ Lyallpur. 


1. iHtrodisctory. 

The Short and Long-cycles. 

It has now been definitely established that, in the Punjab, the life-cycles of 
P, gossypiella, Saund., are of two different types, the one in which the caterpillars 
immediately pupate at the end of their feeding period— the short- cycle — and the 
other in which the caterpillars even when full-fed and full-grown do not pupate but 
pass through a prolonged period of hibernation — the long-cycle. In the first case, 
generation after generation follows in succession, the duration of each life-cycle 
varying from, 19 to 37 days. Thus there may be four broods of this insect from 

E 2 
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August to November. In the second case the long-cycle caterpillars Mbernate in 
November. The TnaTriTnnin duration of hibernation so far recorded from the Punjab 
has been ten months. Ordinarily, however, this period does not exceed eight 
months [Bindra, 1928]. It is on record that in Egypt the period of hibernation of 
the long-cycle Pink-Eollworms may extend to two years [Willcocks, 1916]. 

The Eole op the Long-cyclees in staeting Inpestation. 

It is now fully established that in tracts where winter is severe, the infestation 
of P. gossypiella, Saund., is carried from one cotton crop to the following cotton 
crop through the moths developing from the long-cycle caterpillars [ Gough, 1916 ; 
Ballou, 1920 ; Williams, 1924 ; Chopra, 1926, 1927 ; Eichards, 1927 ; Afzal Husain, 
1928, 1929]. That being the case in the Punjab, a study of the environmental 
factors to which the caterpillars are subjected during their period of hibernation is 
of very great importance. The incidence of attack would be regulated in the first 
place by the factors which influence the life of caterpillars during hibernation, and 
the subsequent emergence of moths. 

WiNTBE-QUAETEES OP P. GOSSYPIELLA, SaUND. 

For a hibernating insect — which has not the capacity of active movement — 
the quarters where it settles for hibernation are of very great importance, as its 
chance of successfully completing its life-cycle depends on the security afforded to 
it. A study of the hibernating quarters of P. gossypiella, Saund., in relation to 
environmental factors is, therefore, of very great value. Moreover, such places 
serve as reservoirs for the spread of this pest and are a source of menace to the next 
cotton crop, and a knowledge about them would be of great help in devising 
measures of control. 

n. The Cotton Crop. 

Before dealing with the observations on the pest, it will not be out of ])Iace to 
give a brief account of the cotton crop. In the Punjab the cottons arc nuiinly 
grown in the plains. The average annual area under cotton for the last Jive years 
(Appendix I) has been about two and a half million acres : two niillioii acres 
irrigated (canals and wells) and half a million acres unixrigated {bat uni). The 
varieties of cotton grown are classified as the desiss (indigenous) and ^Iniericans. 
While the American varieties are mostly grown in the irrigated tracts, the dents are 
grow'u both on the irrigated and unirrigated lands. 
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Sowing peeiob. 

The sowing time of cotton extends from the beginning of April to the beginning 
of July, depending on local conditions. In the irrigated tracts, the sowing is 
iisiially clone in April-May, but soin,etimes it is delayed till June, In the iinirrigat- 
ed, i.e., barani areas, the time of sowing depends entirely on the rains, and fluctu- 
ates from April to July, 

Seasonal-histoey. 

The floral buds begin to appear in June and continue to appear till November. 
The main rush of flowering is during September and October. The bolls begin 
to form early in August, but up to September only a few develop. The bolls appear 
in largest numbers during October and November. 


Picking period. 

The time of picking varies in differnt tracts, and during different years. 
According to Milne [1920], cotton picking in wet years may commence several 
weeks later than in dry years. During years of normal rainfall the picking season 
for the desi cottons extends from the middle of September to the middle of 
December, and for the American cottons from the beginning of October to the end 
of Jajiiiary. As regards the number of pickings, there is no definite rule, usually 
there are six pickings for the desi cottons and four for the Americans. 

III. The Seasonal-history of Pink-Follworm in the Punjab. 

Time op attack. 

Ill the Punjab the season's first attack of Pink-Bollworm generally starts in 
the beginning of August, but on ratoon cottons it may appear a little earlier- 
last week of July. This has been confirmed by actual observations made during 
1927 and 1928 (M<ay to July) at Sialkot, Rohtak and Lyallpur (Table I). An 
exainination of flow- er-buds, flowers and green bolls was carried. on,‘ and it w^as 
observed that even when a fairly large supply of flower buds, flowers and green 
bolls w^as available, the pest was absent during May and June, and it was only 
during the last "week of July that a very mild attack was noticed in 1927 at Sialkot 
and in 1928 at Lyallpur. In the former case only 0*4 per cent, of the bolls were 
attacked and in the latter only 0*6 per cent. It therefore seems very likely that 
the first brood of ' worms ' that appears in the cotton fields is the progeny of moths 
emerging in July and the beginning of August. 


. 


Locality 
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Table I. 

The Attack of Pink-Bollmrm on ratoon cotlms. 


Flower-buds 


Flowers 


Green bolls 

Per- 


eSd eSfd 


Sialkot 


Figures marked (*) are tliose for the fourth week of July. 
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Emergence of moths. 

It has been observed that the emergence of ‘ short-cycle ' moths stops in 
January and that of the Mong-cycle' moths starts in April and continues till 
November with the greatest rush during July and August. The short-cyclers 
emerging up to January are not able to carry on the species because of the absence 
of food plants. The long-cyclers emerging from April to June are in the same 
position. 

Longevity of P, gossypiella, Saund., moths. 

It may be argued that the moths emerging from April to June may live till the 
end of July and start infestation. To settle this point observations on the longevity 
of moths were started in April 1928 and continued till November. Newly emerged 
moths were kept in the verandah of the laboratory at Sialkot. Dilute honey was 
supplied but the moths were not seen to feed. In all 3,895 moths were kept under 
observation, and it was noticed that over 84- per cent, of the moths died by the 
6th day and about 13 per cent, more by the 9th day. After the 9th day only 
2*5 per cent, survived, and on the 26th day there was only 0*02 per cent, living 
(Table II). Willcocks [1916] gives the maximum length of the life of P. 
gossyf%eUa, Saund., moths as 31 days, and states that no difficulty has been 
experienced in keeping them in cages for about a fortnight. Busck [1917] 
states that under most favourable conditions in a cool place, supplied with 
water, some of the moths were kept alive for 32 days, but the majority died 
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wMin 20 days. Eullaway [ 1909 ] states that in Hawaii the average life of 
P. gossyfiella, Saund., moths ranges from 10 to 15 days, and to 

Onenther r 1925 1 the adult moths lived in captivity for 14 days. Uarcia [ i-too j 
recIrdJ thl life of the moth as 4 to 20 days in dry surroundings and up to :56 days 
r 1 conditions In the course of some recent observations carried on by 

the Min. Agric. Egypt, Entomological Section [1926], b. was found that the adult 

Pink-Bollworms could live as long as 50 days during spring. . . 

It is not possible to obtain definite data regardmg the longevity of these 
moths under natural conditions, but from the observations made one is led to 
Skve that in most parts of the Punjab-with high temperature and low humi- 
dity-a female moth emerging during April to June is not likely to sumve ti 

^'"^rnther, the cotton boUs, which constitute the main food of Pinlr-Bollwom, 

do not appear in sufficient numbers before August, and even if the moths emerg- 
ing before July are capable of starting infestation, their progeny will be unable 
to survive for want of suitable food material. It is, therefore, mamtamed that 
the moths emerging up to the end of June and possibly those 
be«innin<» of July are of no consequence as sources of infestation, iht mollis 
emerging^’after that date are undoubtedly of great importance. 

at? ATTACK. 


Although the attack starts in August, yet, even m tracts where linli- 
Bollworm fs a serious pest, it is only in September that the insect is present m 
appreciable numbers. The increase in numbers is very rapid during October and 

the first half of November. After the middle of November hibernation sets in, and 
no ine^ase is generally possible. This, however, is the most important period 
so far as the infestation of the next year’s crop is concerned, because by this 
datemost of the caterpillars have entered the ‘ long-cycle . 

About tbe end of the season (December ) all the bolls present on plants may 
be infested, many of them containing more than one caterpillar, but it must lie 
borne in mind that the higher percentage of infestation during December does not 
mean an actual increase in the Pink-Bollworm population. It is merely the result 
of a rapid fall in the population of bolls present at this time. 

IV. The Winter-quarters of the ‘ long-cycle’ Caterpillars. 

After the cotton picking is over the long-cycle caterpillars may be distributed 
to tlie following situations : — 

(A) Ln the ampjs (seed-cotton) picked and carried away prom the fields. 

(I) To the villagers’ home.— As most of the cotton crop in the Punjab is 
harvested in November and December, the long-cycie caterpillars are 
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first carried with Jcapas into the villages. Most of this Ttapas 
is, however, taken out of the villages to the markets, only small 
quantities being left for local use (see below). 

(2) To the ginning factories.- — Formerly the cotton was largely ginned bv 
means of hand gins, which practice still continues on a small scale, 
but at present the cotton is mostly ginned at the ginning factories 
established throughout the cotton districts of the Punjab. Thus 
from villages a very large portion of the harv ested crop finds its 
way to the ginneries ivhere the crop is first spread out to dry , 
then cleaned, and finally ginned. The cleaning operation of Tcapas 
in the ginnmg factories is often done by means of a machine 
popularly known as “ Jliamha ” or “ Opener ”. During this pro- 
cess most of the caterpillars resting in the lint or in loosely united 
doable-seeds get disturbed and creep out of their cocoons. Ihe 
number of such caterpillars is at times very high. At places lilvC 
Eohtak, where this insect is a serious pest, they may be seen in 
thousands. After ginning the caterpillars may be found 
(a) in patti*. — Some of these ‘ free ’ caterpillars drop down and fall prey 
to common myna and crows, but a large proportion remains in 
heap of yoilii that accumulates under the “opener.” These cater- 
pillars hibernate in this material. 

{b) in seed-stores.— Mtex the cotton is ginned the Pink-Bollworms in the 
seed- worms are removed to the stores, and may be : — 

(i) carried with seed to other provinces and even to other countries 

(Appendix II), 

(ii) crushed to death while oil is being extracted from cotton seed, 

(iii) left in seed in mandies and stores of ginning factories, or 

(iv) carried back by the cultivators to villages in the seed required for- 
feeding cattle and for sowing. 

(B) Left behind in the fields. 

(1) In bolls on cotton sticks : 

[a) left standing in the fields, —Qmtt often cotton sticks are left staiicliiig 
in the fields for a considerable time after the cotton liarvest, and 
Pinlc-Bollworms continue to find shelter in the bol!s on these sticks. 
(h) cut and remomd. — Sooner or later the cotton sticks are cut and 
removed, and a fairly large number of attacked bolls remain 
attached to these sticks. These sticks (vernacular name ■manehlfi) 
are either heaped in the fields or taken to villages. 8oineiinn‘K 
they are even brought to the towns for use as fuel. 

Dried leaves and other trash. 
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(2) In bolls and cotton seed dropped on the soil 

(») fallen bolls lying mostly on tbe surface of the soil, 

(b) fallen bolls wMch get partly buried under ground, 

(e) bolls wbicb are carried into tbe soil by rats. 

(3) Pupating in the soil— A major portion of the resting caterpillars remain 

under natural conditions inside the bolls in which they have fed, 
but in a few cases the caterpillars leave the bolls and creep into 
the soil. This, however, does not seem to be very common and 
in spite of our careful examination of the soil of a large number of 
cotton fields at Sialkot (during 1928), it was not possible to find 
in the soil more than one living and two dead Pink-Bollworms, and 
a dead pupa. 

Attention may be drawn to similar observations made by King and Giffard 
[1924] in the Sudan, and Williams [ 1924 ] in Egypt, who while reviewing the 
resting quarters of P. gossypiella, Saund., have enumerated all the above-men- 
tioned situations in which the hibernating caterpillars may be found. 

Thus the possible places w^here the Pink-Eoliw'orm passes the period between 
one cotton crop and the subsequent one are : — 

(A) In fields 1- Bolls on plants left standing 

after harvest. 

2. Fallen bolls and hapas lying on 

the surface of the soil. 

3. Bolls and kapas lying under- 

ground. 

(B) In villages 4. Bolls on sticks stored for fuel. 

5. Kapas and cotton seed. 

i. in villagers’ homes. 

ii. with petty shopkeepers. 

(C) In ginneries • • • • .6. Kapas and cotton-seed. 

7. Low grade cotton and heaps of 
patti. 

(D) In stores 8. Ginned seed. 

These places may form reservoirs for the infestation of the next cotton 

crop. 

V. The Hibernating Pink-Bollworms and their surroundings. 

To study the fate of hibernating caterpillars under different situations, extensive 
observations w^ere made during 1926 to 1929 at Lyallpur, Eohtak and Sialkot. 
The results of these observations are dealt with in the following pages. 
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(1) The Fate op PiNK-Borj.woBMS in Boles lept on the Cotton plant 

after Harvest. 

The mmber of hibernating caterpillars in bolls on cotton siichs.—Mtev the fii 

cotton picldns! a large niimher of bolls whicF are immature or have not produc 

pickable cotton is left on the plants. In case of an infested crop these bolls ofi 
stock a very large population of the resting caterpillars. It will be seen from 
statement given below that even in January the bolls present on cotton ^sti 
harbour a number of hibernating caterpillars, in some cases as many as lO] 
100 plants : — 


Bisfosal of cotton siicl{.s. --The general 
Punjab is to uproot cotton sticks durinj 
in which senji IMelilotrs parinflora) is £ 
the sticks are allowed to stay till as late as 
actual observations carried out in the fifte 
Sialkot, Eohtak and LyaJlpur (Table III) 
date of cutting cotton sticks varies 
South-Eastern Punjab, w 

are generally cut and removed in November and December, 
the Canal Colonies, where the crop continues 

beginning of January in case c.. 

sticks is delayed till January or even 
practice, yet instances of the previous year’s 
August are not uncommon. 


; December to February. In those fields 
own, and in a few cases even otherwise, 
August. This has been established by 
in villages in three different districts— 
It has been further observed that the 
in different tracts of the Punjab. In the 
here the crop is over by the end of November, the sticks 

On the other hand, ill 
till the end of December or e\-en the 
of American cottons, the cutting down of the cotton 
February. Although this is the general 
cotton sticks standing in the fields till 



^ Number of Pink- 

Bollworms from bolls on, 100 plants 
in Janiiary 

Locality 

1927 

1928 

1929 


4 

5 

5 

Lyallpur . 




iJohtak . 

. . ... ‘ 

35 

75 

Sialkot . 

48 

12 

20 



Total . 161 176| H 12f 
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The fate of bolls on mtion sticks , — ^During 192^ obserFations were made to find 
out the number of bolls which remained on the cotton sticks from January to April. 
Ten localities in ton different districts in the Punjab were selected, and at each 
place the number of bolls present on one hundred sticks left standing in the fields 
was counted. For each locality three observations were made, one observation in 
each of the following months — January, February — March and April It has been 
observed (Table IV) that by the middle of April most of the bolls on the plants left 
standing in the fields had either fallen to the ground or had been eaten up by flocks 
of goats and sheep that are often let into the fields to graze. There were, ho weaver, 
certain instances of cotton fields in which a fair number of bolls was present on the 
sticks in April, but such cases were very rare. 

Conclusions , — After the last cotton picking, the bolls which do contain a large 
number of Pink-Bollwoims are left behind. These bolls, however, are likely to be 
shed sooner or later. Thus, practically all over the Punjab, sticks left standing in 
the fields hardly bear a boll after April. Even, if present, the number of such bolls 
is so small that this source of infestation is of no consequence. (The fate of Pink- 
Bollworm in the shed bolls is dealt with below.) 

Table IV. 

Presence of bolls on cotton plants left standing in the fields af ter cotton harvest of 1928 

{observations made in 1929). 


Number of bolls on 100 cotton plants 


Vicinity 

January 

February and 
March 

April 

1. Gojranwala 

. 


567 

176 

31 

2. Amritsar 

• 


351 

167 

0 

3. Jiillundbur 

• 

• 

320 

173 

0 

4. Hosbiarpur 

* 


178 

109 

22 

5 . Ludbiana . 

. 


189 

114 

43 

6. Ambala . 



170 

142 

0 ■ 

7. Kama! , 



167 

131 

C) 

8. Palwal (Gurgaon) 



158 

90 

0 

9. Sirsa (Hissar) 

• * 

* 

185 

100 

; 2i 

10. Feroiaepore 

• 


275 

120 

31 
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(2) The Fate oe Pink-Bollwoems in Bolls and Kapas lying on the 

SURFACE OE THE SoiL. 

The number of hhemating Pink-Bollworms present in ‘ shed material ’ after 
harvest.-— k large number of bolls and quantities of lapas fall down from the plants 
through various causes, particularly during picking and during the time the sticks 
are left standing after harvest (as stated above), or at the time of cutting and 
removing sticks from the fields. Observations were made in January 1927, 1928 
and 1929 to find out the number of . resting Pink-Bollworms in this ‘ shed-material h 
An area containing 100 plants was marked off for each observation, and all the 
shed-material collected and examined. The results of these observations are 
summarised below : — 



Locality 



The aumber of Pink-Bollworms in shed material 
from 100 plants in January 




1927 

1928 

1929 


Lyallpur 

RoMak 

Sialkot 

. 

. 

• 

2 

27 

237 

2 

48 

47 

1 

22 

3 


It may be mentioned that the number of resting caterpillars depends on the 
intensity of attack, the number of bolls formed and the amount of shedding and 
various other factors and that it naturally varies from year to year, but in case of 
infested localities such bolls contain a large population of Pink-Bollworms. 

The quantity of shed-material during different months. — The amount of ‘ shed- 
material ’ found during different months varied. Generally it was found in abundance 
till March and April, but later on the quantity diminished considerably. It was, 
however, possible to find some of this material lying in the fields as late as July or 
August. The successive reduction in the quantity of this ‘ shed-material ’ from 
January onward may be accounted for by the facts that zemindars allow sheep and 
goats to graze in the old cotton fields, and the fallen bolls and other debris of the 
cotton crop lying on the ground are eaten up or get trampled under feet and bmied 
under ground. This practice is of great utility in reducing the chances of the Pink- 
Bollworms in fallen bolls reaching maturity. Again when the cotton fields are 
ploughed, some of the material originally lying on the surface of the soil gets buried 
and, therefore, the material lying on the ground diminishes. 

The influence of agricultural operations on Pink-Bollworms present in the shed- 
material. — The agricultural operations which a cotton field is subjected to after 
cotton picking play an important role in influencing the fate of Pink-Bollworms 
found in the ‘ shed-material * lying on the surface of the soil. In the Punjali after 
cotton picking, the fields may be left fallow or sown with some other crop. The 
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rotations commonly practised in tlie Punjab are given in Appendix III. 
study of tbe data collected it will be seen that in the Punjab the cotton may be lollow- 
ed by one of the following crops :-meat {Tritium saUvm^, juariAndropogon bar- 
ahull) quara (Gyamopsis psoraboides), sugarcane (Saooharum offimiarum), maize 
izea ii), cotton {oLypium sp.) and senp (Mehhius heat sometimes 

hnmediateiy follows cotton (de«) especially in the well-irngared areas where mten- 
sive farming is practised, but generally it follows cotton alter a fallow. In the 
latter case, which is the commonest (over 80 per cent.l rotation all 

Punjab, the land is in a peidectly dry condition until July and August, wh n the 

monsoon (rainy season) starts in the province, 'l^' hen j««/r _and gum a Idlmv 
cotton, the land usually remains dry till April or May when it is imgated and 
ploughed, and seed sown in May and June. In case of sugarcane or cotton lol ow - 
ing cotton, which is a rare practice, the land after it has betm cleaned of i s 
cotton sticks in December and January is immediately watered and ploughed ant 
sugarcane is sown from March to April, and cotton in April or even ater. M hen 
maize follows cotton, the fields remain fallow for about six months. Maize is 
ordinaruy sown in the plains late in June or early July and sometimes towards the 
beginning of August as in the Canal Colonies. Thus the period of fallow between 
the removal of cotton sticks and maize sowing is diSerent at difierent plates. 
Semiii sown from October to November while cotton sticks are still standing in 
the fields, and the crop remains on the ground till February or March. 

This brief outline of the agricultural practice (Table V) shows that land remains 
fallow from January to October in case of wheat, from January to April ^aa® 
of sugarcane and cotton, from January to June in case of maize and from March 
till the sowing of another crop in case of senji. Thus it will be seen that diiriitg 
April and May, when the hot season begins in the Punjab, the cotton fields^ of 
the preAdous year are mostly ‘ uncovered ’ and in a few cases only have germinating 

crops SUCH as sugarcane, juar or cotton in them. 

During the period the land is lying faHow, ox is without a crop, the surface, 
of the soil and everything lying on it is fully exposed to sun-heat except for the 

shade of a few weeds growing here and there. 

Hihemating caiqipillm’S exposed to sun-heal.—lji- order to ascertain what 
happens to the caterpiUars in the bolls lying on the ground, obseivations were 
caiTied out at Bohtak, Sialkot and Lyallpur during the years 1927 and 1928. 
4t each locality twelve plots, each of hundred plants, w’ere kept for this observation. 
They were kept fallow after the cotton harvest. The sticks from these plots were 
cut on 31st December, and from that date, till the date of the examination the 
shed-material was left untouched on the ground. The material from Plot No. 1 
was examined in January, of Plot No. 2 in February and so on (Table VI 


The eoyidiiion of cotton fields after cotton harvest. 
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cols. 6, 11, 16). The figitres of Table VI are re-arranged in Table VII so as to show 
the relation of mortality of the Pink-Bollworms hibernating in the fallen bolls with 
that of the maximum temperature of the air. It was found that up till the end 
of February most of the Pink-Bo]lworiii.s resting in fallen bolls siiri'ived and tlje 
mortality did not exceed 31 per cent. During March and April a large number 
of caterpillars began to die and by the beginning of May the mortality haul leaclied 
cent per cent. This was because the temperature of bolls lying on fallow lands 
fully exposed to the rays of the sun iDse suffi-cueiitly high to kill all the resting 
Pink-Bollworms. It may be mentioned that at the shade temperature of about 104T. 
(40°0.), the bolls exposed to direct sun-heat in the open are subjected to a tempera- 
ture much higher, the temperature of the black bulb thermometer being about 
162''F. (72T.). According to King and Gihard [1924, 1] the fatal temperature for the 
larvse in bolls lying on the ground is reached when the shade temperature is 104'T. 
These two sets of observations made in tw-o different countries leave no groimd for 
doubt that when the temperature in shade is higher than 104''P. and the bolls are 
fully exposed to the sun, the resting caterpillars in such bolls must die. 

Temjpemkire attained by the infested bolls exjiosed to aww^aak—Witii a %1ew 
to ascertain that Pink-Bollworms resting in shed bolls die through effects of 
sun-heat, the following experiments were performed. A large number of 
infested bolls, obtained from Rohtak and Sialkot, were exposed in Ajiril and May 
to sun-heat at Lyallpur. Each sample of bolls was spread directly on the soil 
in a single kyer and exposed to the sun from 10 a.m. to 4 p.m. In all fourteen 
observations w'ere made, in each of these, two hundred and fifty bolls were 
exposed to sun-heat (Table VIII). The temperature of the bolls ivas taken at 
intervals of one hour by placing the bulb of the thermometer on a central boll of 
the heap and putting some more bolls round the heap. In this position the thermo- 
meter was allowed to remain for about five 'minutes and the temperature recoxdecL 

The results show (Table VIII) that out of fourteen exposures of the attacked 
bolls to the sun during April and May, it wns on t \¥0 occasions only, Ac'., Utli. and 
20th April, that the temperature of the bolls did not rise liiglier than 50’ 'C. {i22''''F.) 
but remained at 47°C. {116'7°E.) and 49°C. (120*2°F.), giving res])e<4i\’ely 62*4 and 
78*0 percentage mortality among the caterpillars. In all other eases the tempera- 
tiiie of the bolls reached or even higher and no caterpillar was fminci to lia\"e 
survived. A reference to Table X will show that sun-heat is fatal for caterpillars 
resting in fallen bolls, when the temperature goes above 50"C. ■ Iven at a slightly 
lower temperature most of the caterpillars die, only a few siirvhu'ng. 

• Regarding the temperature attained by dead bolls exposed to direct suii-lieat 
and -its .relations, to the maximum air temperature in shade, it \\-as seen that the 
bolls lying on the ground during April and May attained the temperature of 50°C, — 



I 




eaeii plot tlio number of plants under observation was only 100 and so great variation was noticed regarding the yieid of kapas 
from different plots. From each plot I:apas was picked weekly from Seijtember to December and separatelj^ stored in bags, the 
cotton sticks were cut on 31st December and placed on the roof of the laboratory^ and the fallen bolls were left on the ground 
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rLvallpur . . 69 271 0 0 0 0 .. .. 114-6 111-0 

July . . . . <Eohtak . . 299 .. 13 23 13 23 100-0 100-0 112-1 108-0 

LSialkot . . 434 199 12 3 12 3 100-0 100-0 111-9 116-0 
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wMch is fatal to the resting caterpillars— when the air temperature in shade was 
35°C. (96°F.) to 40°C. (104°F.). It maj’- be pointed out that at 40°C. of air tempera- 
ture or higher, the temperature fatal for the resting caterpillars is invariably reach- 
ed. Below this the fatal temperature may or may not be attained. It may further 
be added that in April and May the air temperature in shade is 40°0. or more in all 
the cotton growing districts of the province. 

Further it may be of interest to record that the intensity of solar radiation 
also plays an important part in bringing about the destruction of caterpillars resting 
in fallen bolls. The question is being investigated. 

Table VIII. 


Mortality of Pink-Bollworms resting in bolls exposed to sun-heat frmn 10 a.m. to 
4 f.m. during April and May at Lyallpur. 


Bate of 
exposure 

Maximum temperature in 
centigrade 

Pink-Bolli^orms after 
exposures 

i 

Remarks 

Shade 

Sun 

Hum bel- 
li ving 

Number 

dead 

Percentage 

mortality 

of 

exposed 

bolls 

of black 
bulb ther- 
mometer 


Year 192S, 








April , . 6 

37*7 

47*0 

64*7 

32 

53 

. 62*4 



33-8 



61 

0 

0 

Control^ 

. -10 

35-6 

49*8 

67*2 

0 

53 

100*0 


„ . .13 

40'0 

50*5 

71*1 

0 

13 

lOG-0 


„ . 20 


49*0 

54*4 

18 

04 

78*e 

Windy day 

„ • .23 

34-4 

54*5 

68-8 

0 

75 

100-0 

i 

» . ■ 24 

37-2 


... 

92 

0 

0 

ControP 

„ . .26 

■ 36-0 

1 59*5 

66*5 

0 

80 

100*0 


May . .6 

38'B 

69*5 

i 72*2 

0 

'■ 77 

100-0 


. • 7 

43*1 

... 


56 

13 

18*8 

ControP 

„ . . 7 

43*1 

66*0 

74*1 

0 

87 

100*0 


„ . .9’ 

43*3 

■ ' 1 

67*5 

77*4 

■ 0 . 

55 

1000 
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MortaliUi of mting m ^ boUs expos ea w 

4 7 ). fn. d‘(r wg Apnl May (it Lyallpu. 

Maximom temperature in 

centigrade I 


Date of 
exposure 


Number 

living 


of black 
bulb ther- 
mometer 


Control^ 


gauze cages in the a * , , 

During May 1929, experiments were performed to find out tne time a oo 

exposed to sun-heat would take to attain an internal tempeiatee of 50°C. at a 
known air temperature with a known solar radiation. The internal temperature of 
the boll was recorded by thermo-couple arrangement. An hourly (8 A.M. to 2 p.m.) 
record of the internal temperature of the boll exposed to the heat of the sun, 
temperature of the air in shade and that of the black bulb thermometer was 
maintained (Table IX), 

It appears that a fallen boll exposed to direct sun-heat may attain a tempera- 
ture (60°C.) fatal to the Pink-Bollworms after an hour’s exposure, and in some cases 
as early in the day as 9 a.m., but this temperature was invariably attained by 
12 noon, i.e., after four hours’ exposure. From 12 noon to 2 i>.M. the temperature 
of the boll went on increasing and in most oases it reached above 60°C. at which 
, 1 ,^ rtf tliA Pink-Enllworms is almost instantaneous. It was observed that the 


in snaac, ana T-xie aiutjrtjntjtj v£iri«» wivix vuxj ^ 

8 to 9 A.M., and 10-33°C. from 10 a.m. to 2 p.m. It was further observed that 
temperature of the fallen bolls depended on two variable factors, the tempera 
of the air and solar radiation. 

The influence of irrigation on temperature of fallen bolls , — In this coniiectic 
is necessary to consider the influence of irrigation on the temperature of the 1 
lying in the fields. In Table X is given the maximum screen temperatures of 


Number 

dead 

Percentage 

mortality 

72 

lOO’O 

81 

100-0 

72 

100-0 

69 

100-0 

58 

100-0 

11 

14-9 
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before and after irrigation in a cotton field and in a grassy plot (Lyallpur), wbicli 
show that as a result of each watering the maximum temperature of the air was 
lowered by 1 to 3°F. It was further seen that this fall in temperature was often 
appreciable for only a day or so, and is therefore negligible. It may, 
however, be mentioned that as a result of each irrigation the bolls get wet and 


Table IX. 

The inieinal temferatire offalle^i bolls exposed to si n-heat iecoided at Zyallfur 

during 1929. 


Date 


Particulars 

Temperature (0.) recorded at 











8 A. M. 

9 A. M. 

10 A. M. 

11 A. M. 

12 noon. 

1 P. M, 

2 P. M. 

r 

Air ill shade 

31-0 

35*5 

37*6 

40*2 

41*0 

41*6 

41*9 

May 11 til .< 









1 

Bolls in sun 

42*7 

5i*3 

52*7 

61*3 

59*0 

50*7 

53*1 


Excess 

11*7 

16-8 

15*1 

21*1 

18*0 

9*1 

11*2 

f 

Air in shade 



37*2 

37*2 

38*7 

39*5 

40-0 

May * “< 

, 








1 

Bolls ill sun 

. . 


50*1 

54*1 

57*1 

61-3 

65*0 


Excess 



12-9 

16-9 

18*4 

21*8 

25*0 

r 

Air ill shade 

32*5 

33-6 

35-6 

36*9 

38*1 

39*2 

40*2 

May27tli .4 









1 

Bolls in sun 

37-3 

41*7 

45*1 

46*4 

51*3 

58*4 

61*2 


Excess, 

4*8 

8*1 

9*5 

9-S 

13*2 

19*2 

21*0 

r 

Air in shade 


35-0 

a 1 

'3G*2 

SS-4 

39*8 

40*7 ; 

41-6 

May .^Sth .-i 









1 

Bolls in sun . .■ 1 

• • 

60-4 

60*3 

71-3 

73*0 

64*7 

06*5 


Excess 

- 

16*4 

24*1 

32*9 

332 

24*0 ‘ 

24*9 


r 

Black Bulb' 


1 59*9 

69-1 

71-6 

75*3 

76-0 

76*4 

May 29th 


Air in shade 

33*4 

34*7 

38*1 

40-0 

41*4 

43-1 

1 

44*0 



Bolls in sun 

42*2 

48*6 

57*5 

66-9 

61*6 

’ 69*1 

66*9 


Excess , ... 

S'8 

13*9 

19*4 

25*9 

20-2 

2G'0 

22*9 










fl ''■'1 


iil 
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TU internal temperaf.ure of falkn bolls exposed to sun-hat recorded at Lyallpur 

(luiwg 1929. 


i\fav sotii 


May ^Mat; 



Temperature (0.) recorded at 

ParticiilaTS 

8 A. M. 

9 A. M. 

10 A. M. 

11 A. M. 

12 noon. 

1 P, M. 

2 P. M. 

Black Bulb 

57-8 

59-7 

07-7 

71*8 

73*9 

75*0 

76-0 

Air ill shade 

34-8 

37*2 

38’9 

40*7 

43*0 

43*9 

44-8 

Bolls in sun 

40-9 

49*2 

58-6 

64*2 

62*3 

62*7 

62-4 

Excess 

61 

12-0 

19*7 

23*5 

1 19*3 

18-8 

17*6 ' 

Black Bulb 


67*2 

63*8 

68*3 

■ .71*3 

73-0 

75*0 

Air in shade 

33-6 

34*3 

35*5 

37*1 

38*0 

38*6 

39*6 

Bolls in sun 

42*6 

43*4 

49*7 

48*5 

56*6 

59*4 

66*8 

Excess 

9-0 

9*1 

14-2 

11*4 

18*6 

20*9 

26*2 


Effect of irrigation on the air te 

Irrigation in cotton field 


Table X. 
temperature of 


Maximum 

teini)erature F all in 
of air in tempera - 

ture due 

to irri- 

Cotton Grassy gation 
field plot 


coUrni field and grassy phi at Lyallp ur^ 

Irrigation in grassy plot 


Maximum 

temperature Fall in 
of air in tempera- 

. ture due, 

to irri- 

Cotfcon Grassy . gation 
field plot 


March ilth 
April 1st 
April 25fch . 
May 25tli 
June 24tli 
July 14 th 
August 13 th 
September 24th 
October 20th . 


January 9 th 
January 26th 
May 4 th 
June 10th . 
July 7th 
August 22nd 
September 2nd 
October 8th . 
November 2iid 
November 27th 


Temperature marked (*) is for the day following the date of irrigation. 
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then tend to rot, and are in certain cases completely rendered unfit 
for the resting Pink-Bollworms. If this fact he taken into account, the 
chances of the Pink-Bollworms successfully ‘ resting ’ in fallen Lolls are reduced 

still further. , , n i • . i j. 

C'oncZifsfoK.9.- Almost all the caterpillars resting in fallen bolls subjected to 

sun-heat even for one day during April and May, when the maximum tempaiature 
in shade is above 40°0. (104°F.), die. It may, therefore, betaken as established that 
under conditions prevailing in the Punjab, the bolls lying on the ground are not a 
source of danger to the new crop. It is just possible that in certain localities the 
resting caterpillars may be able to live longer than they would at other places, but 
the chances of their completely withstanding the high temperature in May anr 
June, which in shade reaches 116°F. (46°0.) or even’ more (Appendix IV) m most 
of the districts in the Punjab, are very remote. 


(3) The Fate oe Pink-Bollworms in Bolls and Seeds buried under the 

Ground. 

The quantity of material buried and the number of resting Pmlc-Bollworms.—lt 
has been discovered that some of the infested boils and kaqias that drop oft irom 
the plants fall into cracks and crevices of the soil. Through ploughing up the an 
or through the fallen material getting trampled by the harvesters, flocks of sheep 
and goats, etc., some of the bolls or kapas get partially or totally buried. 

To find out the quantity of material buried, observations were made from 
January to March 1929 at Siallcot, Eohtak and Lyallpur. In all sixteen fields (each 
about 625 square feet in area) were examined ; eight of these fields were ploughed 
and eight left unploughed (Table XI). In the unploughecl fields the bolls 
dropped in cracks and those buried under soil were, on an average, about 
cent, of the bolls on the surface of the soil, and the total number of living Pmk- 
Bollworms contained in the former was about 16 per cent, of the number contained 
in the latter. In the ploughed-up fields the bolls buried under soil were 40 per 
cent of the bolls on the surface ofthesoihandthetotalnumberof living Pmk- 
Bollworms contained in the former was about 14 -per cent, of the number con- 
tained in the latter. Thus the number of bolls buried m tlie soil was generally 
very small as compared to that lying on the surface of the soil. . The reason for 
this is that the Punjab soil does not crack much. Thus while the 
of bolls obtained from an unploughed field (625 square feet area) was ..88 ( • 

from surface of the soil, and 43 from soil cracks and under soil clods , it was only 
83 (59 from surface of the soil, and 24 from soil cracks and buried in the soil) from 
ploughed-up fields. This shows that the quantity of the shed material found 
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Table XI. 

Atkick of Finh-Bollumn inholh lying m tUsv ^'^’•■^9 

-tnon 


Bolls foxiiid from an area of 625 square feet 


On sui’face of soil 


In cracks and buried 
under ground 



Condition of Montli of 
the field exam i nation 


Locality 


ITnploughed .January 
February 


Ploiiglied . January 
.February 


: Lyallpur 
I Lyallpur 

I Sialkot 


Eohtak 

Kohtak 

Lyalli^ur 


Average 

Lyallpur 

Lyallpur 


Kohtak 

Kohtak 

Lyallpur 

Lyallpur 


Average 


OQ ^ <D 

a . 


14 


during tlie period immediately following 
approx-imately one-fonrtli, of that found 


cotton harvoBt in the ploiig. 
in the unplmighed fields. It 


0 I 0 


led fields. is 
w^as .further' 
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noticed that the number of Pink-Bollworms found in the bolls lying under the 
suiiace of the soil was very low, never exceeding 14 per 100 bolls. 

The influence of plougJmig immediately after harvest.— field observations 
have shown that while on the one hand, about 70 per cent, of the shed bolls are 
broken up (which later on rot and get destroyed) by ploughing up the fields imme- 
diately after cutting the cotton sticks, on the other hand, by this practice a 
number of bolls, etc., gets buried under soil, and the caterpillars resting in 
buried bolls escape the effect of sun-heat. Wilcocks [ 1916 ] comes to the same 
conclusion and states “ the Pink-Bollworms in the bolls which are buried during tJie 
ploughing of the land, will be protected from possible natural enemies and it also 
seems probable that they wdll receive a great protection from sun -heat owing to 
intervening layer of soil. The degree of protection will, of course, depend on the 
thickness of the layer ”. 

Survival of hibernating Pirtlc-Bolkcorm buried 'under ground. 

In order to obtain definite information regarding the survival of the resting 
caterpillars which remain buried under ground during winter', eighteen different 
samples of damaged cotton bolls were buried in the soil at Lyallpur at the depth 
of two inches and four inches. 

Bach sample of fifty bolls was placed in a small fine meshed wire gauze cage. 
The cages were placed side by side in three different plots of land. Plot No. 1 was 
kept dry, Plot No. 2 was watered once a w^eek, and Plot No. 3 was watered almost 
daily and was thus constantly wet. The bolls were buried in January 1928 and 
examined in May 1928. The results are presented in Table XII. A study of this 
table shows that mortality among the caterpillars resting in bolls buried in the 

Table XH. 

Mortality of Pinh-Bolkconrs in bolls buried at depths of tuo inches and four inches 
■ in plots that received varying amounts of tmter. 

{Bolls were buried in January 1928 and examined in May 1928.) 


Plot 

number 


Condition 
to wMcli 
the plot 
was sub- 
jected 


Depth to 
which 

Number 

of 

1 

Number of Pink-Bollworms found 

Kemarks 

bolls were 
buried 

' boUs 

buried 

Living 

Bead 

Percentage 

mortality 


Ins, 

2 

60 

9 

6 

S5-7 

Received no 

2 

60 

0 

0 


a r t i fi oial 

2 

60 

2 

2 

60-0 

watering. 

Total 

1 150 

11 

7 

38*9 




Humber Humber of Pink-Bollworms found 


Condition 
to which 
the plot 
was sub- 
jected 


Depth to 
which 
bolis were 
buried 


Remarks 


Plot 

number 


bolls 

buried 


Percentage 

mortality 


Watered 
once a 
Week. 


Watered al- 
most daily. 


Total 


Total 


Kept , iE 
the iabora- 
toiy. 


Control 
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soil depends on the depth to which the bolls are buried. There is greater survival 
near the surface than at greater d-epths. It is' also seen that if the soil during winter 
is kept moist, the conditions for the buried caterpillaTS are less favourable than 
if the soil remaiii»s dry. * Thus very few caterpillars survive at a depth of four inches 
under any conditions and when the soil is kept wet not a single one survives. 

It may, however, be pointed out that the percentage of mortality among cater- 
pillars as shown in Table XII, is far less than was actually the case. The 
reason for this is that the total number of caterpillars originally present in the boils, 
as shown by the control, was as high as 27 per 100 bolls, but when the bolls were 
taken out for examination the number found was much less. It may, however, 
be said that there was very .little chance of the caterpillars escaping, as the 
attacked bolls were buried inside the cages having wire gauze of very fine 
meshes. There can thus be only one possibility for the decrease in the number 
of worms, namely, that the missing caterpillars had died and disintegrated and, 
at the time of the examination of bolls, no trace of them 'was left. These results 
confirm those of Willocks [1921] and Williams and Bishara [1925], that is, in bolls 
buried below thirty centimeters no caterpillars survive. 

Conclusion . — As to the relative importance of the infested bolls buried in the 
soil in causing infestation to the growing crop, it is not yet possible to pronoimce 
any definite opinion, but it seems very unlikely that under the Punjab conditions 
more than an occasional moth ever succeeds in emerging from the buried bolls 
after the month of June."^ 

(4) The Fate of Pink-Bollworms in Bolls, Kapas, etc., carried away by 

Eats. 

Amount of cotton in rat-holes and number of caterpillars. 

As already stated, some of the fallen bolls, as well as, kapas are carried by rats 
to their buiTOws situated not only in the cotton fields, but even in tne adjoining 
fields. To discover as to what happens to the Pink-Bollworms in these places a 
large number of rat-holes were dug up during February-March at Lyallpur, Sialkot, 
Rohtak, Phillaur, and Eopar, and the materia] collected was examined (Table XIII). 
Of the 225 rat-holes explored at Lyallpur. Sialkot and Rohtak, 207 contained 
cotton, the total weight of which was 124 seers — 6|; from near the mouth 

of the burrows and 5| seers from the bottom of the burrows. Xo living Pink-Boll- 
worm was found in the material obtained from the bottom of the rat burrows, 
but 8 living caterpillars were found frotn the kapas collected at the mouth of the 
burrows at Sialkot and Rohtak during February and March. The rats feed on 
cotton seed and it is, therefore, most likely that all caterpillars resting in the seed 


^ See also Riohards, 1029 — ■Noa.-suyviYal of Caterpillars iji the soil in they. P. after Aprils 
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wet destroyed and that even those few discovered at the opening of the burrows 
would have been oaten up in due course. At any rate, the number is so exceedingly 
small that it is negligible as a soux'ce of infestation. 

Incidentally it may be stated that during various field surveys it was noticed 

that the seeds of U'pas on the surface of the soil were frequently eaten up by rats, 
whfie those which were below the surface were left untouched. Thus it may be 
stated that rats play an important part in destroying a large number of Pink-Boll- 


Tablb XIII 


PresenGe of Pink-Bolltvorm in Kapas collected f rom Tat-holes 


Kapas oolleoted from rat-holes 


Besides, the house rats and mice may carry cotton to their burrows. Johnston 
[1929] states that “ Rats were frequently noticed to carry cotton up into the 


Near mouth of rat-holes 

A: , 

Inside rat-burrows 

Weight of 
kapas in 
ounces 

Number of 
living 
Pink-Boli- 
worm found 

Weight of 
kapas in 
ounces 

Number nf " 
living 
Pink-Boil- 
worms found 

2I§ 

0 

Hi 

0 

61J 

0 

32 

0 

1 

2 

0 

0 

41- 

3 

3i 

1 

0 

135 

3 

139 

0 

25 

0 

0 

■ 0 

8i 

0 

■ ''o '■ 

.0' 

7 

0 

0 

0 , . 




Number of rat-holes 

Locality 

Date of 
Examination 
(1929) 

Examined 

Containing 

Kapas 

Lyaiipur . 

February . 

11 

10 

Do. , 

March 

14 

14 

Sialkot - 

February . 

5 

5 

Do. . 

March 

1 95 

86 

Eohtak . 

Do. 

100 

92 

PMHaur . 

Do. 

- 

•• 

Eopar 

Do., , * 

40 

•• 

Do. 

April 




SOURCES OE PLATYEDRA GOSSYPIELLA INEESTATIOI^ 


I 

i 

i 

I 

I 


9;i 




roof as nest material Almost invariably the seed in such cotton was found to be 
eaten. Any living larvse contained in such seed would undoubtedly be destroyed.” 

Oondusion. — Thus it may be stated that the hibernating Pink-Boliworms 
taken in the infested seed by rats or mice are all destroyed. 


15) The Pate of Pink-Bollwoems pebsent m Bolls attached to 
Cotton sticks stored as Fuel. 

The Pinh-Bollmnns in holts on sticks . — After the final picking a large number 
of the unopened or' imperfectly developed bolls remains on the plants and these 
bolls often harbour a large population of resting Pink-Bollworms (Table VI). 
During the uprooting of cotton plants some of these bolls are knocked off, and their 
share in the incidence of Pink-Bollworm has already been dealt with (see under 2 
and 3), but a considerable number is carried away from the fields along with the 
stricks. The fate of these Bollworms remains to be studied. 

The Cotton sticM , — In the Punjab the cotton sticks are mostly used as fuel^ but 
may in small quantities be also used as thatch for roof, for making fences, sticking 
peas, etc. Even those that are used as fuel remain undisposed of for many months. 
In order to obtain information regarding the consumption of stored sticks two sets 
of observations were made. In one case ten heaps of stored sticks were kept under 
observation and their diiiensions measured every month (Table XIV), and in the 
other case an estimate was made in June of the total quantity of unconsumed sticks 
in ten villages (Table XV). These investigations show that during January and Feb^^ 
r'uaiy there was practically no consumption of cotton sticks, both in the South- 
Eastern Pimjab, where most of the cotton sticks are out during November and Dec- 
ember, and in the Western Punjab including the Colony Areas, where the sticks are 
cut during January to March (Table III). This is most probably on account of the 
fact that in winter the freshly cut sticks are still wet and thus unfit for use as fuel. 

The use of sticks as fuel begins immediately after the winter, I e., from the 
middle of March, and is continued till as late as September, It was, however, 
observed that by the beginning of July more than three-fourths of the. total 
quantity of sticks originally stored had been burnt. On the sticks that remained 
only a small number of bolls were present, most of the bolls having got detached 
had fallen to the bottom of the heap. From Table XVII it will be seen that the ■ 
number of bolls per 100 sticks w’as about 60 in January and about 20 in July. 

Number and fate of Pink-- Bollworms in- bolls on sticks . — During 1927 and 1928 
observations were started at/Eohtak, Sialkot and Lyallpur to find out the number 
of Pink-Bollworms in bolls on stored sticks.- The residual boils on 100 plants, 

. ... ■ ' ' ■ ' ' G- 





f Lengtii 

, Ljailpur City . i Breadth 
i Depth . 






Percentage of sticks left nnconsumed I 
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which were pulled out in Decemher 1926 and 1927 respectively and stored, were 
striTjped and examined once in a month for living cateipillars. The results of these 
observations are given in Table VI, columns 5, 10 and 16. It will be seen that 
from January to April the number of living Pink-Bollworms m bolls on stored 
sticks was fairly large, and after April there was a gradual fall, till in August all 
caterpillars had either died or possibly emerged as moths. 

Conditions to which Pink-Bollwoms in bolls on stored sticks are mbjeded.— 
To study the conditions to which the hibernating Pink-Bollworms in bolls on 
cotton sticks are subjected, detailed observations were made in 1929. Two heaps 
of cotton sticks were selected, one at Sialkot and the other at Eohtak. At bialkot 

a record of temperature of the bolls attached to the upper and lower sticks of the 

heap was maintained, and at Eohtak a similar record of air temperature was kept 
(Table XVI). It was seen that the air temperature at the top and lower portion 
of the stick heap was almost the same, the difl'erence never exceeding 1 to 3°C.^ In 
case of bolls, however, the difference was very great, the temperature of the bolls 
exposed to direct sun-heat was 8 to 10°C. higher than that of the bolls not thus 


Table XVI. 


Temperakire of air mid bolls in ike upper and lower portions of colion-stick heap. 


Dates 

(1929) 

Temperature range (C.) of 
air in cotton stick heap 
(Rohtak) 

Temperature range (C.) of 
bstlis attached to stored sticks 

1 (Sialkot) 

Upper portion 

Lower portion 

U|)per portion 

' Lower portion 

Janiiaiy . 

1st to 1.5th. 

( 16th to 3l3t 

20— 24 

21— 25 

18—23 

18—23 

* . 


Febroary 

^ 1st to I4ili 

’ 1 16th to 28th 

21—32 

27—34 

19-31 

23—33 

22—34 

15—24 

Marcb. . 

^ 1st to 16tb 

Cl6tlito3ist 

30—35 

35—41 

■ 

29—34 

34—40 

28—36 

27—42 

18—29 

25—33 

April 

r 1st to Ibtb 

* ( I6tb to 30tli 

38-41 

40—48 

37-39 

37—43 . 

35— 60 

36— 61 

29— 36 

30— 42 
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Bates 

Temperature range (0.) of 
air in. cotton stick heap 
(Rohtak) 

Temperatui'e range (C.) of 
boils attached to stored sticks 
(Siaikot) 


(1929) 

Upper portion 

Lower portion j 

Upper portion 

Lower portion 


^ 1st to 15th 

‘ ( 16th to .31st 

^IsttolSth. 

”u 6th to 30th 
r 1st to 15th 

41—48 

40—44 

42—63 

38— 4S 

May ■ . 

40—46 
39—46 ! 

37—44 

39—45 

40—62 

39—62 

34—43 

34—40 

June 

38—46 

35 — 44 

38—42 

.34—42 

32—52 

30—47 

27—42 

26-42 

July 

August 1st to 

\ 16th to 31st 

16th 

34— 39 

35— 38 

33—38 

35-36 

26—40 

Knlb 

25—36 

a Oil tll6 


temperature of the bolls on the lower sticks of the heap 

ground at the bottom of such heaps was never more than ^ ~ ^ 

60°C. (temperature fatal to Pink-Bollworm) or even more m the ‘ 

attached to the upper portion of the stick heap and exposed to the sun Thi s tl 
temperature to which the caterpiUars resting in stacked sticks were exposed 

depends on their position in the heap. , .,i • -Uniu the 

To determine the efeet of temperature on the caterpillars in the bolls m 
upper portion of the stick heap it was arranged to examine fortnightly (from 
January to August 1929) bolls sticking to the upper and lower Potions of the stick 
heaps (Table XVII). These observations showed that up to the middle of Apn 
there was little difierence in the percentage mortality of the Pink-Bollworm resting 
in the bolls on the top of stick-heap and the bottom of the heap, but afterwards 
when the season had become hot, the caterpillars in the top bolls began to die ^ a 
much rapid rate than those in the bottom ones. And towards the end of^May 
while there was no living Pink-Bollworm in the top bolls, it was possible to find a 
fait number in the bottom bolls. Observations made during June to August 
showed that while the number of living Pink-Bollworms was considerably reduced, 
some living caterpillars were always found in the bottom bolls. The number esti- 
mated from 1,000 such bolls examined at Eohtak was 191 in June, 68 in July 

and 8 in August. . . . i, n n i 

This amply shoits that a large number of caterpillars resting in bolls attached 

to the sticks lying right under the heap and in those that had broken off and 
shifted down to the ground, is likely to survive up to July and August, when the 
new cotton crop is fairly well advanced. 
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In another set of experiments, cotton sticks pulled out in December 1928 were 
placed in wire gauge cages (6x6x6 feet) in January, March and May 1929,^ at 
Eohtak and Sialkot and the emergence of moths recorded (Table XVIII). The 
sticks stored in January gave 58 moths at Sialkot and 16 at Eohtak, those stored 
in March gave 17 moths at Sialkot and 14 at Eohtak, while those stored in May 
gave 15 moths at Sialkot and 4 at Eohtak. These moths were obtained between 
the first week of April and the second week of July. These figures of emergence, 
though few in number, are of great interest showing that the moths can emerge, 
from heaps of cotton sticks as late as middle of July, when they are positively 
dangerous to the cotton crop. 

Gonclimon—la short, the facts collected go to show that the living Pink- 
Bollworms may be found in bolls on stored sticks as late as July, and that the 
moths may emerge at a time when the next cotton crop is beginning to pwiduce 
bolls, and that such heaps of sticks are a source of infestation to be guarded against. 

It is very likely that most of the moths emerging from such heaps roach the 
cotton fields, as the sticks are stored in fully exposed places often quite close to 
such fields. 

■ The importance of this source of infestation is fully recognized in Egypt and 
great stress is laid on the removal and destruction of dead bolls attached to cotton 
sticks. Ballou [1920], after giving a careful consideration to the opinions invited 
by him from inspectors working in different provinces of Egypt, came to the 
conclusion that ‘ the cotton plants ought to cut and pulled immediately after the 
crop is picked and removed from the field to a central cleaning place where the 
removal of the bolls could be proceeded with leisurely.’ He further says that ‘ the 


Table XVIII. 

Emergence q/Platyedra moths from cotton slides heft in wire gauze cages during 3929. 
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Emergence of moths from cotton sticJcs kept in tdm gm ze cages during 

1929 — contd. 


Number of platyedra moths from cotton sticks 


jj'ci.ica 

(19 2 9) 

Stored on 1st 
January 

Stored on \ st 
March 

Stored on 1st 

May 

. , , 1 

Siaikot 

1 

E-ohtak 

Sialkot 

Bohtak" 

Sialkot 

Rolitak 

fist to 15th . 

0 

0 

0 

0 



March 



0 




f lCtli to 3lBt . . . 

0 

0 

0 



rist to 15th , 

0 

12 

, 0 

.13 



April d 



1 

0 



5 

0 



fist to 15th , . i 

0 

1 

0 

0 

1 

, 0 

May <( i 




0 



[ICth to 3ist . . ; 

15 

0 

5 

5 

0 , 

p,st to 15th . 

2.3 

U 

6 

0 

5 

0 ' 

June 







Ueth to 30tli. 

S 

0 

2 

0 

\ 

2 

0 

n,st to 15tk . 

6 

3 

4 

1 

2 

4 

Jiify i 



0 


0 


LlOth to Slst . 

0 

0 

0 

0 

rist to 15th . 

0 

0 

0 

0 

0 

0 

August < 



0 




hi 6th to Slat . 

0 

0 

0 

0 



0 

Total 

58 i 

1 

16 

17 

14 

15 . j 

4 


date at wliicli tlie cultiYators sliould be made to remove the, cotton sticks from 


the fields siioiiH be fixed as early as possible ..... . . .No sticks or' bolls should 

be, allowed in the villages before a fixed date, at which time aO sticks must be 
cleaned and a permit: given, to the whole village to remove the clean sticks. All 
boils and trash in the central cleaning place should either 'be burnt at once or 
otherwise satisfactorily disposed of.’ ' . 
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Cleaning up the cotton fields, especially the destruction of bolls left^ on sticks, 
is also recommended by the Ministry of Agriculture, Egypt [1914], Eamirez [1&18], 
Loftin [ 1919 ], Loftin, Mackinney and Hanson [1921], Townshend [1920], and Stock 
[1926], As an aid to this Loftin points out the value of pasturing sheep and other 
animals in the cotton fields. Our observations go to show that if cotton sticks are 
left standing in the fields there is less danger of attack than in the case of sticks cut 
and stacked with bolls on them. 


Table XIX, 


Estimated weight of patti accumulated in different ginning factories in the Punjab, 

during 1928. 


Approximate 
weight in mds. 
of fpatii stored 
in the factory 


Number of living 
Fink-Bollworms 
found in two 
poimds of jpatti 


Name of ginning factory and location 


■ Ujjal Singh, Bavinder Singh, Sargodha 
Ganesh Cotton Factory, Sargodha 
Illam Bin, Mohd. Bin, Sargodha . 

Kartar Singh, Partap Singh, Sargodha 

I Nihal Singh, Sargodha 

Japan Cotton Trading Company, Sargodha 
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Estimated weight of patti amumulated in different ginning faetories in the Punjab, 

during 1928 — contd. 


Bate of visit 
(1928) 

ISTame of ginning factory and location 

Approximate 
weight in mds. 
of pctUi stored 
in the factory \ 

Number of 11 via 
Pink-Boll wmrmg 
found in two 
pounds oi patti 


Banka Mai, Narinjan Das, 'Moga • 

25 

12 

April 21st 


*J 

10 

^ggrawal Cotton Mills, Moga 

f: 

Mohan Lai Srikishen, Rohtak # 

60 

12 

„ 25tli < 


la 

8 


Gopal Mai, Shankar Bas, Eiohtak . 

r 

Bhanpat Mai Bhagwan Bas, Montgomery 

60 

0 

„ 29th ^ 

Japan Cotton Trading Company, Mont- 
gomery. 

150 

0 

[ 

R. B. ISTarain Singh &; Sons, Montgomery 

00 

0 


Bahadur Mai, Shankar Bass, Pattoki 
(Lahore). 

25 

4 


Bankamal, Narinjan Bass, Pattoki (Lahore). 

20 

1 

„ 30th 

Hazarimal, Biliarimal, Pattoki (Lahore) 

35 

4 


Ghulam Farid, Fazal Bin, Pattoki (Lahore) . 

50 

6 

< 

Japan Cotton Trading Company, Pattoki 
(Lahore). 

10 

3 


’ Bhanpatmal Bhagwan Bass, Ly allpur • 

8 

0 


Mania Bux, Lyalipur 

30 

0 

June, 1st - 

Kirpa Bam, Brij Lai, Lyalipur ► 

10 

0 


hTata & Co., Lyalipur 

6 

0 


Nathushah Gopal Bass, Lyalipur 

8 

0 

„ 6th 

Bhanpatmal Bewan Chand, Lyalipur . 

30 

0 

Sh. Mohd. Alla Bux, Lyalipur . 

^Mathra Bass, Lyalipur • • . 

30 

6 

0 

0 


6 


0 
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Number oflihemating Pink-Bolhiorms in fatti.—ks, regards the caterpillars rest- 
ing in pcMi, preliminary observations were made during 1927 and . 1928 at Roh. ak, 
SWkot and^Lyallpur (Table XX). At each locality about two lbs. ot palM 
was procured olce a month from January to August, and the materia examined 
for Ling Pink-Bollworms. These observations, show that this material may 
contain as many as 246 living Pink-Bollworms per lb of faUi and the living 

caterpiUars may be recovered as late as July, and may thus be a somee ot Ink- 

moth from patii.— To olUm further details, a heap of 

weighing about fifty maunds, was kept in a store at Eohtek and observations on 

t,he'’emergence of P/oh/e*o moths were made for a period of eight months, *.e., 
from January to August 1927. The results of this are summarised below 


Alotith 


Tempera ture (0.) of 
paili heap recorded 


A ■» HT 


Humber of 
moths 


January 
February 
March # 
April . 
May . 
June . 
July . 
August 


15— IS 


These observations show that the highest emergence occurred in July when 
the cotton crop was producing flowers and bolls. 

Oonclusion. — It will be observed that the quantity of this gin-trash is some- 
times quite large, and the population of the resting Pink-Bollworms in it fairly 
great. It is possible that this source, although not one of the principal causes, 
is an important subsidiary factor in Pink-Bollworm incidence. It is, therefore, 
desirable that the pest present in the paiti, etc., in the ginning factories be dealt 
with. Nothing better and safer than the use of this dangerous material as fuel 
can be recommended. The factoiy owners are not usually directly interested in 
the safety of the crop and may not realise that it is to their advantage if Pink- 
Bollworm disappears. 

The importance of low-grade cotton and other gin-trash as a source of infesta- 
ion has also been recognised in Texas (U. S. A.). Coad [1929], while carrying 
mt somewhat similar observations, has greatly emphasised the importance of the 
;in and oil mills as points for concentration of infestation and the extreme iieces- 
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Table XX. 


PinJc-BoUworms foimcl in patti. 



Rohtak 

Sialkot 

Lyallpur 

Month. 
(Year 1927) 

Weight in ounces of 
^atti examined 

Number of living Pink- 
Boil worms found 

1=5 

S ^ 

‘S f=^ 

S S 

a o !s 

a ^ 51 , 
'A 

Weight in ounces of 
foMi examined 

Number of living Pink- 
Boilworms found 

Number of Pink-Boll 
%vorms per lb. of 
faiti 

*0 

m 

a 3 

o -g 
cS etj 

.3 

+3 © 

Number of living Pink- 
Bollworms found 

r—l timi 

"3 o 

w . 

^ § 

O 

fcl OQ 
© . 

Ill 

January 

14J 

ira 

124 

sn 

412 

209 

60 

24 

6 

February . 

39J 

. 14 


74f 

587 

126 

.. 

.. 


Marob 

41|f 

10 

4 

83| 

444 

85 

66 J- 

246 

59 

April . 

33! 

6 

% 

83 

163 

31 

66| 

142 

34 

May . 

431 

12 

4 

78f 

32 

7 

66J* 



June . 

44 

2 

i 

7Si 

17 

3 

232|* 

0* 

0=5' 

July . ■ . 

35i 

4 

2 

83 

3 

1 

32* 

0’^ 

O'-J* 

August 

39| 

0 

0 

82:1 

0 

0 

25:1* 


0'^ 


Figures marked (*) are for 1928. 


(7) The Fate of Pink-Bollwoems in Kapas and Cotton-seed kept 

IN Stoees. 

lij iiES Elz'6^ciy l)G6E shown tliEt ii v6xy ItZigG proportion of Pink-Boliwoims is 
removed from the fields in picked cotton. A part of this cotton remains in the 
villages for local use, but most of it is brought to the towns for sale. 

The quantity of kapas and cottonseed kept in villages . — In 1928 observations 
were made to get an estimate of the quantity of kapas and cotton-seed kept in 
villages. The investigation was carried out in two districts, namely Rohtak (in 
South-Eastern Punjab), where desi varieties are grown, and Lyallpur (in Colony 
Areas) where both desi and American cottons are planted. In each district eight 
villages were selected, and from each ^dllage the following data collected, from all 
the cotton growers (excepting a few) : — 

I. For kapas. 

(1) Area sown under cotton. 

(2) Variety, desi or American. 

(3) Outturn of tepas. 


mmmmmm 
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(4) KapOiS sold, in market, dsto of soiling. 

(5) KafOtS kept for kousehold use ; date of giDning. 

(6) Zajjos left unconsumed. 

11. For cotton-seed. 

(1) Quantity of seed from ha/pas locally ginned. 

(2) Quantity brougkt from markets. 

(3) Quantity locally consumed, and balance m stock. 

The above information was coUected on three different dates :-3rd week of 
January, 1st week of March, and Srd week of June. The results of this investiga- 
tion have been tabulated in Tables XXI and XXII. , , . ,-0 1.4.1 

This enquiry has brought to light the interesting fact that both in the Eohtak 
District, South-Eastern Punjab, where desi cotton is cultivated, and in Lyailpur 

Table XXL 

Cottonseed elored in sixteen villci'ges of Eohtak and Lyailpur Districts, during the 
period January to June 1928. 





Weight of cotton-seeds 

District 

Date of 
visit 

Name of 
village 

In stock 

Locally 

ginned 

Brought 
from 
market 
and other 
sources 

Locally 

consumed 

Balance 




Mds. Srs. 

Mds. Srs. 

Mds. Srs. 

Mds. Srs. 

Mds. 

Srs. 

Robtak 

J anuary 3rd 
week. 

Pie 

0 

0 

25 

20 

36 

10 

23 

24 

38 

6 



Bbainswan . 

0 

0 

41 

33 

61 

20 

39 

20 

63 

33 



Pajhrawar 

0 

0 

38 

16 

43 

25 

36 

19 

45 

23 



Tbanakhurd • 

0 

0 

18 

10 

24 

0 

18 

10 

24 

0 



Bbaiaat * 

0 

0 

14G 

26 

198 

0 

142 

4 

205: 

22 



Banakheri . 

0 

0 

3 

36 

6 

0 

3 

36 

6 

0 



Siiana * 

0 

0 

110 

23 

60 

21 

92 

26 

78 

,18, 



Lahli . 

0 

0 

38 

38 

24 

20 

33 

2 

30 

16 



Total 

0 

G 

427 

2 

464 

16 

389 

21 

491 

37 
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Cottonseed stored in sixteen villages of RoUak and Lyallpur Districts, dming the 
pefiod Ja'i'iKCbfy to June 1928 contd. 





Weight of cotton- seeds 

District 

Date of" 
visit 

Name of 
village 

In stock 

Locally 

ginned 

Brought 
from 
market 
and other 

Locally 

consumed 

Balance 






sources 








Mds. Srs. 

Mds. Srs. 

Mds. Srs. 

Mds. Srs. 

Mds. Srs. 

Bolitak 

March 1st 
week. 

Pie . • 

38 6 

12 26 

9 30 

38 

18 

22 

4 



Bhainswan • 

63 33 

17 11 

10 25 

65 

18 

26 

11 



Pahrawar 

45 22 

20 6 

15 4 

46 

18 

34 

14 



Thanakhurd • 

24 0 

9 7 

13 0 

24 

26 

21 

21 



Bhaiaiit 

205 22 

67 24 

12 10 

171 

14 

114 

2 



Ranakheri 

6 0 

0 39 

2 0 

4 

14 

4 

25 



Silana , 

78 18 

38 25 

22 0 

88 

22 

50 

21 



Lahli . 

30 16 

■ 

16 8 

3 16 

31 

2 

18 

38 



Total 

491 37 

182 26 

88 5 

470 

12 

292 

16 


April Srd 
week. 

Pie . 

22 4 

0 0 

21 36 

30 

34 

13 

6 



Bhainswan , 

26 11 

0 0 

39 26 

43 

25 

22 

12 



Pahrawar 

34 14 

0 0 

16 13 

29 

26 

21 

1 



Thanakhxird • 

21 21 

0 0 

7 26 

16 

6 

13 

0 



Bhalant 

114 2 

0 0 

61 3 

97 

5 

78 

0 



Ranakheri 

4 25 

0 0 

2 4 

3 

4 

3 

25 



Silana • 

50 21 

0 0 

65 26 

62 

31 

63 

16 



Lahli . 

18 38 

0 0 

17 18 

22 

28 

13 

28 



Total 

292 16 

0 0 

231 31 

305 

39 

218 

8 
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Oottm-seed stored in sixteen vUlages of Rohtak and Lyallpir Districts, during the 
period January to June 1928 — mum. 


Weiglit of cottoa-seedi 


Broiight 
from 
market 
and otlier 
sources 


Name of 
village 


Locally Balance 

oonsnmeci 


District 


Locally 

ginned 


KuMali 


Bhainswan 


Palirawar 


Tkanakhurd 


Bhalaut 


Banaklieri 


Silana 


January 3rd 
week. 


Lyallpur 


Chak 67 
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CoUon-seed sloml in sixteen villages of Roldah and Lyailpur Distriots^ during the 
feriod Jan uary to June 1928 — concld. 


Blatiicfc 


Date of 
visit 


Name of 
village 


Lyallpur 


March t>rd. Ciiak 
week. 

Ghak 07 
Clialc 43 
Cliak 282 
Ghak 110 
Gliak 213 
Ghak 197 


Joiie 3i*d Ghak 263 
week'. 

Ghak m 
Ghak 43 
Ghak 282 
Ghak, 110 
Ghak 213 
Ghak 197 


Weight of cotton-seeds. 


^ Locally 

ginned 


Brought 

“"If c~ed 

' and other 
sources 


Mds. Srs. Mds. Srs. Mds. Srs. Mds. Pw. Mds. Srs. 
or. -13 s as 0 0 3 0 31 31 


1 20 224 20 1L> 

4 18 6 20 10 30 


130 27 


S3 0 43 35 57 0 


0 0 17 0 


0 30 36 5 


142 1 


130 27 


4 337 0 190 20 314 25 


0 4 13 0 35 15 I 9 20 

^ Q 9 0 60 5 79 22 

0 0 fi 0 2 0 36 24 

0 0 160 0 100 0 60 0 

0 0 80 0 80 0 2 23 

2 29 6 20 5 32 . 27 12 

07 00 4 0 53 7 

0 0 6 0 ° ® ° 

3 0 274 20 28 1* j 3®^ 33 


- 



466 1,967|: 48311 \ 3,982i 4,463| 3,610i 
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district, where Americans and desis are grown, tlie bulk of the cixip-- -Ijot!] 
desi and American— is very often immediately sold in the neighboiiriug market. 
This hqms is then ginned and pressed in the factories. It was observed, however, 
that the quantity of hq:ias retained in the villages of the Eohtak district V' as 
generally far more than that kept in the villages of the Lyallpur district. In the 
Eohtak district it was about 27 per cent, of the total produce, as against only 
5 per cent, of the total in. the Lyallpur district. The average quantity of hmas 
kept by each cultivator for his domestic needs was found to be 2|r maimds in tlie 
Eohtak district against less than one maiind in the Lyallpur district, as shown 
belo’W ; — 


Bistiict 

Number of 
cultivators 
under 

observation 

Kapas 
sold in the 
market 

Kapas 
ke23t for 
local 

consumption 

Percentage 
of total 
produce 

Kapas 
kejft by 
each eiilti* 
V£itor 



Mds. 

Mds. 


Mds. 

Rolitfiik 

387 

2,485| 

936 

27-4 

2*42 

Lyallpiw 

406 

8,374 

439 

:V4 ' 

0*94 


During this enquiry it was also found that most of the cotton in villages was 
ginned before the 3rd week in June, It has been further ascertained that the 
total production of seed-cotton left imginned after June w’'as veiy small both in 
villages and in towns, in fact the quantity was never more than a few^ handfuls of 
spoiled cotton. Large quantities of seed, however, remain undisposed of till the 
next crop. A certain quantity is fed to cattle duiing winter, but a sulficient 
quantity is kept for sowdng or for use as food for cattle all through the cotton 
season (Table XXI). Thus in the Punjab it is the cotton seed in which the hiber- 
nating caterpillars remain. 

QumiMy of seed .scored.— The results of village enquiiy carried out in 1928 
(Table XXI) further indicate that there was a regular pouring in of the seed from 
the market to the villages from January to June. After the rains had set in, ke., 
during July ox August, fresh quantities of reed were rarely brought in. It was seen 
that towmrds the end of June, in certain villages in rhe Eohtak district, as many 
as 78 mauiids of seed was in stock, containing about twenty-five thousand resting 
Pink-Bollworms (lAble XXI). 

The major portion of the seed is stocked in the ginning factories up to April, 
afcor which the factory owmers generally dispose of their entire stock to 
(big meiTliaiits), who in their turn often^^ k their stock as late as August, or 
scmietiixies even later the rates are not suitable. Thus fairly large quantities 
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of seed remam undisposed of till June, both in villages and in towns, and this 

stored seed contains a large number of Pink-Bollworms. . • 

In countries, where Pink-Eollworm enters into a long period of hibernation, 
cotton seed has been found to be the main source of infestation. Tnis fart 
been emphasised by practically every one working on Pink-Bollworm.^ Ind 

tigations of Gough [1916], Willcocks [1916], Ballou [12 ^ej [ . ^ 
Wliams [1924] in Egypt ; Fletcher [1917], Eiohards[l924, 1927] and Clouston [1928] 
in India ;Mleston [1926], King [1928] and Johnston [1929] in Jbe ; 

Ballard [1926], Goode [1926] and Evans [1926] m Australia; Macdonald [L J ^ 

Texas (U. S. A.) ; and Jacobsen [1927] in California, have shown that the untreat- 
ed seed is the chief agent in the carrying over of the Pmk-Bollworm. The question 
of hibernating caterpillars in seed store has, therefore, been fully studied. 

Mo& o/siorffl^eo/seed.-The cotton seed is stored in towns, as well as m 
villages. In villages the cotton seed is kept by the zemindars, as well as, the village 
(petty shopkeepers). The method of seed storage adopted m very crude 
and unsatisfactory. The seed may be thrown in the corners of dwelling houses or 
shops, or put in earthen pots which are seldom covered, and even if covered, tUej 
are opened frequently. For sale the seed may be exposed in open baskets or bags. 
In towns, where seed-stores are often very big, the seed is stocked either m the 
open bamcks of the ginning factories or put in gunny bags and stored in special 
godowns. It was further seen that these stores were either without doors or 
with such imperfect doors that moths could easily escape. 

The Pinlc-Bollwoms in seed heft in stores.— The seed kept in big stores con- 
tains a very large number of caterpiUars at the beginning of July, when the crop 
is coming into flowers. The following table shows the presence of Pink-Bollworm 
in the seed in 1927 and in 1928 taken from godowns in the towns of Kohtak, 
Sialkot and Ferozepu r — ^ 

jE)fumber of living Pink-Bollworms found in one seer (2 lbs.) 
cotton seed 


Rohtak 


Sialkot 


Ferozepur 


January 
February 
March • 
April . 
May 
June . 
July . 
August. 
September 
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Emergence of moths , — This brings us to the consideration of the emergence 
of moths from the resting caterpillars in seed-stores. During 1927- 29 certain 
experiments were designed to find. out the emergence of moths from caterpillars 
resting in big stores of the town markets and small village- stores. Work on these 
lines was started at four localities — ^Rohtak, Sialkot, Ferozepore and Lyallpur. 

Big stores , — At each locality fifty maunds of cotton seed locally procured 
was stored in specially screened stores in January 1927 and 1928 respectively. 
For each store daih^ records of temperature and humidity and the emergence of 
Platyedra moths were maintained. The moths were captured in a light trap 
(from 7 F. M. to 7 a. m.), those not trapped were collected while sitting on the walls 
of . the store. 

The collection was found to be fairly complete, and it is believed that the 
number accounted for in Table XXIII was the number actually able to come out 
of the seed heap and that very few moths had escaped observation. 

In all 5j311 moths were caught from the big stores of which 2,676 were 
females and 2,635 males ; as shown below 


Number of moths examined 


Month 

Males 

Females 

Total 

Percentage 

Females 

January ... 

42 

46 

88 

52-3 

February . , , . 

120 

122 

242 

50-6 

March 

146 

157 

303 

61*S 

April ... 

299 

314 

613 

51*2 

May ..... 

432 

457 

889 

51-4 

June ..... 

452 

497 

949 

52-3 



732 

655 

1,387 

47-2 

" ' 

August 

346 

:?39 

685 

49.5 ' 

September .... 

66 

89 

155 

57*4 



Total . 

2,636 

2,676 

5,311 

60-4 j 


r 



1 
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Total Small stores .. ! 5,500 oj oj 4} o! 0 103 233 , 45 | S ; 438 


iNDlAN JOUBNAt OB AGBlCUBTUBAL SOIBNCE 


[I, II. 


These records incidentally indicate that male and female moths were present 

in almost equal numbers during different months of the year. . , . , ^ 

Some of the females caught in the light traps lived for a tune and laid 

which Xed normal hatching, indicating thereby that tPe fertilmed females wem 
also attracted to light or were fertilized m the light trap. . 

As has already been mentioned after 

iriighTwirput belief was further supported by the results of iJie 

f!llo!vfng experiment conducted in 1925. Five maunds of cotton seeds, badly 

infested by Pink-Bollworm, was procured and placed m a 

built with certain modifications after the design of Willcocks [ 1916 ]. 

If the glass door was fitted a 32 candle power electric lamp which 

every evening and put out in the morning. The moths being attracted to 
licrht^ passed through the narrow openings in the glass louvres towards the g as. 
Ibm and were thus trapped. Every day the moths captured were taken out and 
their number recorded (Table XXIV). During July to September, as many as 
982 moths were captured ; the maximum number caught in one night was as hig i 
as 70. xVt the close of the experiment the seed in the cage was examined and it 

was found that there were only 8 dead moths and those too at the bottom of the 

glass louvres. This clearly shows that almost all the moths emerging from the 
Ld were attracted to light*. The moths found at the bottom of the glass louvres 
were probably those that had died in their attempt to pass through the openings. 

Table XXIV. 

Emergence of long-cycle v oiks flow five wavnds of badly ‘i^nfetiled eollm-seed itored in 
a large breedmg cage at I yallf iir diinng 192o, 


Number of moths eaxerged 


August 


Ik’ marks 


September 


account of the positive phototropism of P. gossypieUa, Saund., is under preparation. 
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Mnmgenm oj long-Gyde moths fimmaimdsoj badly infesled cotton-seed stored 
in a large breeding cage at Lyallpur during 1925— wntd. 


.Date 

Number of niotbs emerged 

July August September 

Beinarks 

11 


17 

9 


12 

22 

25 

2 


13 

.31 

8* 

4 


14 

24 

18* 

2 


15 

70 

19 

0 

Figures marked (*) are of 

16 

34 

11 

0 

moths emerged on. rainy 

17 

49 - 

12 

1 

days. 

iS 

14 

10 

0 


19 

34 

17 

0 


20 

9 

11 

0 


21 

ir 

5 

1 


22 

7 

0 

0 


23 

11 

5 

0 


24 

30 

2 

0* 


25 

21 

2 

0 


26 

10 

1 2 

0 


27 

12* 

2 

0 


28 

6* 

7 

0 


29 


5 

0 


30 

19'*' 

2 

1 0 


31 

39* 

1 

0 


Total 

628 

283 

71 

J 


Gkahd Total , 


y- 

981 




Teniperature and Ernengence of moths It has now been definitely recognised 

that long-cycle caterpillars are produced as the result of low temperature arid in 
tracts with an equitable and sujfficiently high tempera-ture there is no hibernation^ 
a.s for instance in Madras [Ballard, 1921j and the coastal region of Kenya colony 
[Kirkpatrik, 1927], It has been observed that when the temperature of the stored 
seed remained favourable, the moths continued to emerge throughout the year and 
there was no period of complete quiescence (Table XXIII). At a temperature 
below 20*^0. (68°F.) there was no emergence as will be evident from a study of 
Table XXIIL As the temperature of the stored seed rose from 20^0. to 
more and more of the resting caterpillars pupated and emerged as moths ; a tempera- 
ture of 36-37°C. appeared to be the optimum and it will be seen that^'liuring the 
period that this temperature prevailed, the emergence of moths was often at its 
highest* From 37^0. upward the number of moths emerging fell and the death 
occurred after short exposure. Finally at 66°C. the death was almost instanta- 
neous. ■ ■ ■" 





9gi, INDIAN [ ’ 

. Thus if the temperature of_a paiiicular On'^tL^'ltimrtard! 

winter, then most of the 'teino wmter'( January and February) then 

when the temperature went a ID hibernation, pupated and 

r tif ^h^t^ evic.. .cm the observations made on 

^ ^ • _ 1 no7 oc! aliAwn bftlOW 


LocaHfcy where seed 
was stored 


Xurnber of 
days from iStli 
jamiary to 

1.5 th February 
with tempera- 
ture of stored 
seed abo ve 

20X‘. 

Number 
of sliort (slow) 
cycle moths 
(January 
to 

February) 

Noiiiber of 
long cycle 
moths (March 
to September) 

32 

318 

357 

3 

7 

322 

2 

5 

1,359 

0 

0 

63 

0 

0 

604 

0 

0 

1,362 

0 

0 

1,071 1 


Percentage 
of long 
cycle 
moths 


Perozepore, 1927* 
Lyailpmv 1927 
Eohtak, 1928 . 

Lyailpnr, 1928 . 

Eohtak, 1927 
Sialkot, 1927 
Sialkot, 1928 


Briefly stating, it may be said that at temperature below LO C. complete dor- 
mancy occurred, but as the temperature rose, the insects became more and more 

active until the optimum was reached at 35-37°C., beyond this the temperature was 
unfavourable. (The question is being studied further.) tj i i u 

Another interesting fact that has been discovered is that at 

fColony Areas), where the Pink-Bollworm is a minor pest, the temperature ol the 
stored seed in certain years goes higher than 20=0. even during _Januaiy niid 
February and this results in an earlier start of emergence than is the unseat 

Rolitak and Sialkot (Table XXIII). 

»Reed was stored in a godown which was about 2 feet below ground level ^ and quite close to ti.e boiler 
of a factory. In this store it was possible to maintain high temperature even m winter. 
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As regards the most favourable temperature, i.e., 35-37°C. it was noticed that, 
at Kohtak during 1927 and 1928 this temperature was reached in July and the 
maximum emergence was noticed during this very month. At Sialkot during 1927 
the most favourable temperature prevailed partly in May and partly in June, and 
this resulted in high emergence during these months. During 1928, at the same 
locality, this temperature was obtained in April and this was the month in which 
the highest emergence for the year was recorded. At Lyallpur during 1928 the 
most favourable temperature reached in May and in 1927 it prevailed in June, 
giving the highest emergence in these months, (Fig. 1). 


Temperature in 
Cen.tisrade. 
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This was the condition prevailing in stores at different places in the Punjab, 

but in certain hot stores the emergence of resting larvae could be made to start as 
early as January and February. As stated above in 1927, a specially hot godo'wn 
wasselected at Ferozepore, a place situated on the boundary of ^ 

Western Punjab, and in this store the temperature remained as high as 20-^4 O. 
even during the winter months (Table XXIII). In this store the maximum emer- 
g6iic6 of motlis took place during winter or early spring. It was furt er no ice 
■that notwithstanding the fact that atmospheric temperature of Ferozepore (being 
quite close to the river Bias) is even lower than that of Eohtak, as shown below, 

it was possible to obtain in a store at Ferozepore the highest emergence as early as 
February. From this it can be justly concluded that it is the temperature of a 
particular seed heap that is the chief determining factor in the emergence of moths. 


Particulars 

Temperature (C.) 

1 in shade in 1927 

Kohtak 

Ferozejxire 

i 

January 

February 

January 

February 

Highest maximum . .... 

27-0 

25-0 

IS'O 

20-0 

Average maximum » . . • • 

21'9 

2P4 

16*2 

17*5 

Average minimum . . . * • 

S'6 

194 i 

6' 5 

• 

10*0 

! 

Lowest minimum. . . • 

PO 

9-8 

50 

9*8 


The figures of emergence obtained from these seed stores showed that the 
number of*’ moths emerging in January and February was very small. During 
March also very few moths emerged, but from April onward the rate gradually 
increased till in July the climax was reached, after which the emergence again fell. 

Small seed-scores.— Observations were conducted to study the emergence oi 
long- cycle moth from small quantities of seed. One maund of local ootton seed 
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was stored in January 1928 and 1929 at each, of three stations Eohtak, Sialkot and 
Lyalipur. It was observed that iip'till May the emergence of moth was very rare 
in all the three places. At Eohtak and Sialkot it w^as moderate in June and was 
highest during July s dropping down again in August. At Lyalipur it was highest 
during June and continued during July and August, Thus the figures obtained 
from small heaps agreed with those of the stores in large quantities, with the 
difference that the percentage of success in completing life-histories is higher in 
case of small heaps than in cases of large stores. 

Having arrived at the conclusion that infested cotton seed remaining in stores 
until June or July is a source of danger to the new year’s crop, the question of 
the relative importance of big stores in cities and petty stores in villages must be 
considered. Our experiments with large and small bulks of' seed stored at 
different stations indicate a remarkable difference between the two in so far as the 
success of emergence of moths is concerned. It was observed that the proportion 
of emergence in big heaps was not so high as that in petty stores. In stores of 
fifty maunds of seed the percentage of resting caterpillars reaching the moth stage 
varied from 0*5 to 2*0, while it was 6*6 to. 9*5 in small store of half a maund seed 
as calculated in Table XXIII. Thus the extent of infection per unit volume of 
seed does not seem to be so great for big stores as that from small quantities of 
seed in the possession of petty shopkeepers and zemindars in villages. The reason 
seemed to be two fold : — 

Firstly, the seed in the markets is often placed in largo heaps and it seems 
probable that moths formed from caterpillars resting in seed lying in the lower part 
of the heaps are not always successful in coming to the surface. This finds 
support from the results of an experiment, conducted to test the power of Pink- 
Bollworm moths to come out of a seed heap. 

Five glass tubes of two-inch diameter and six feet length were taken and at the 
bottom of each tube 260 double seeds, containing about 106 living Pink-Bollworms 
were placed in January 1929. In tube No. 1 the infested seeds were covered with 
one foot deep layer of sound seeds, in tube No. 2 with a layer two feet deep arid 
so on. The sound seeds were examined thrice, Lc., on 27th June, 30th July and 
28th August, 1929 and the living and dead caterpillars, pupae and moths found ip 
them were removed and their number was recorded (Table XXV). The figures so 
obtained indicate that all the moths formed from caterpillars which, pupated at the 
bottom of the seed-stores may not be able to reach the top. 

As regards the Pink-Bollworms in seed stored in gunny bags, it was observed 
that a large number of them was able to crawl through the seed, but most of them 
were unable to work their way out of the bag. The moths .forpied were all unable 
tovescape.,, " ' ■■ 
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Table XXV. 

Emergmce of Platyedra mothfiam doi ble seed jilaced 
cotton seed 


[I, II. 


dejptjis vnder sowid, 


ijrtnflis niinae 


at-*/-! Anim’tiillars foUilcV 


, Date of 
examluatioE 
(1929) 

Depth at 
which the 
infected 
seeds were 
placed 

On the 
top of 
seed 
heap 

Inside seed-heap, at depths 1 to o feet from top. 

1 foot 

2 feet 

3 feet 

4 feet 

5 feet 

27tlx Juue 

1 foot 

0 

1 DM 

1 LP 

— 

— 

— 



2 feet 

0 

0 

4 LM 

1 LP 

— 

— 



3 feet 

1 LM 

1 LP 

0 

1 DP 

— 



4 feet 

1 LM 

1 DM 

3 LP 

2 LC 

1 LP 

1 DM 

— . 


5 feet 

1 LM 

2 DC 

2 DM 

1 LP 

.1 LP 

1 LP 

0 

1 LP 

28th June to 30th July . 

1 foot 

6 LM 

1 LP 

6 KP 

— 


—■ 

1 


2 feet 

1 LM 

0 

3 EP 



— 

i 

3 feet 

1 LM 

0 

0 

0 

— 

— 


4 feet 

7 LM 

0 

1 EP 

0 

1 LM 

1 DM 

I LP 

1 DP 








5 EP 



5 feet 

o LM 

0 

0 

1 DM 

1 LP 

3 EP 

31st July to 29th August . 

1 foot 

4 LM 

2 EP i 

— 1 

— 

— 

— 


2 feet 

3 LM 

1 EP 

0 

— 

— 



3 feet 

0 

0 

0 

0 

1 ^ 



4 feet 

2 LM 

3 EP 

0 

0 

i 0 

— 



1 DM 







5 feet 

1 LM 

0 

0 

0 

' 0 

0 



2 DM 







Ebmaeks. L denotes living, D denotes dead, M deiiptes moth, P denotes , pupa, E denotes empty 

pupal case, and 0 deuotes ca^terpillar. 
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Secondly, it had been noticed that the seed, placed in large godowiis was not 
disturbed frequently and iieiice the moths emerging from pupae a few feet below the 
surface were not ordinarily seem to be able to crawl out of the seed. On tie 
other hand, it was seen that petty stores in possession of cultivators or village 
shopkeepers were very carelessly kept, and every moth formed seemed to have a 
positive chance to reach the cotton fields. Morepver, these village seed stores 
were often daily disturbed as some portion of the seed was removed either for sale 
or for feeding cattle. This frequent disturbance helped the caterpillars or moths 
in the lower strata of the stored seed to come to the surface. 

Conclusions. ---Fmm this brief survey it is quite clear that small stores of seed 
with zemindars or village shopkeepers are far mure dangerous to the crop than big 
stores owned by merchants and ginners, and hence great attention should be paid 
to the village seed stores while attempting to control the pest. King and Qi&rd 
[1924, 1] have also arrived at the conclusion that the main source of infestation is 
seed-cotton and cotton-seed in store, in natives" houses. 

The fact that a large number of caterpillars hibernate in cotton-seed clearly 
indicates that the destruction of Pink-Bollworm in stored seed is very important 
in the control of this insect. 

(8) The Fate of Pink-Bollworms in the sown Cotton-seed. 

PinhBolhvorms in seed Jcejot/or sowing . — As has already been pointed out the 
cotton crop in the Punjab is sowui from the beginning of April to the beginning of 
July. During this period the Pink-Bolhvoims are still in the resting condition and 
the hibernating caterpillars are likely to reach the fields in the seed sown. 

In regions where Pink-Bollworm is a serious pest, the seed kept for sowing 
often contains a large number of living Pink-Bollwmrms (see page 255 et seq.). In an 
average sample of seed, examined during April to July from Rohtak, Sialkot and 
I'^erozepore, there were as many as 51 living Pink-Bollworms per seer of seed. 
Calculating at the usual seed rate of five seers per acre, the number of resting Pink- 
Bollworms sown along with the cotton seed may be as high as 250 per acre, and 
if the stock of the seed is badly attacked, the number may easily be as high as 1,000 
or even more. 

Survival of Pink-Bolhvorm in seed sown. — In the Punjab cotton is mostly broad- 
casted and in a few cases it is sown in lines. The seed is placed at about two to 
four inclies below the surface and the first watering is usually given after four to 
six weeks. This practice is adopted on an average soil in the absence of rains. 
Fium the tinie of fSowing to when the first 'watering is given, which is 

over one month, the caterpillars sown with the seed remain undisturbed in the 
field,' : 
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In order to obtain some information regarding the fate of t 

under such conditions and their ability to make their way throi 
experimentfi were conducted during 1929, the results of w. 
Tables XXVI and XXVII. 

In the first series of trials, 200 infested seeds were sown in e 
plots, at each of the three stations, Rohtak, Sialkot and Lyallpur. 

Table XXVI. 

Pinh-Bollmrms surviving in seed sown on different dates at Be 

Lyallpur during 1929. 


Number of Pink-Bollwonns surviving in 


Seed sown in 2nd 
week June 


Seed sown in 2nd 
week May 


Seed sown in 2nd 
week April 


Remarks 


Date of examina 
tion (1929) 


June 1-15 
16-30 
July 1-15 
16-31 
August 1-15 
16-31 


y infested 
seeds 
I were 
j sown , 


Table XXVII 


lied seeds sown during 1929, 


Pinh-Bollworms 


.Date of examination 

Number of .Pink-Bollworms found on the surface 
of soil from 

Remarks 

Seeds sown in 1st week 
April 

Seeds sown in 1st Week 
May 


Robtak 

Sialkot 

Lyallpur 

Rolitak 

Sialkot 

Lyailpnr 


April 16-30 . 

12 

0 

0 

0 



1. At eacli locality 

May 1-15 . 

6 

23(2) 

0 

19 

73 

0 

1,000 , . infested 

16-31 - . 

0 

1 

0 

0 

H(2) 

0 

seeds were , so'ivn 

June 1-15 . 

0 

0 

0 

0‘ 

0 

0 

and tlie • ' area 

16-30 . . 

0 

0 

0 

0 

0 

0 

covered witli a 

July 1-15 . , 

0 

0 

0 

0 

0 

0 

wtre-gs'jzie cage. 

16-31 . 

0 

0 

0 

0 

0 

0 

2. Figures given in 

August 1-15 . 

0 

0 

0 

0 

0 

■0 

parenthesis are 

16-31 . 

0 

0 

0 

0 

0 

0 

those of moths. 
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were tried, tlie first sowing (Hots 1 to 6) was done in tlie second week of 
April, tlie second sowing (Plots 7 to 12) in tlie 2nd week of Maj and the third 
sowing (Plots 13 to 18) in the 2nd week of June, 1929. The first watering after 
sowing was given after six weeks, and then a vratering was given every two weeks. 
The seeds of Plots 1, 7 and 13 were dug out and examined during the first fortnight 
of June ; of Plots 2, 8 and 14 during the second fortnight of June and so on. The 
number of living Pink-Bollworms found from the seed of each Plot was separately 
recorded and is given in Table XXVI. 

A very important fact brought to light through this experiment was that no 
caterpillar was able to survive till June inside the seed sown in April. In seed 
sown in May there were a few caterpillars which survived till the beginning of 
June, and in seed sown in June some caterpillars survived till the middle of July« 
The results in all three cases were similar, and it w^as strikingly manifest that the 
caterpillars sown along with the seed during April, May and June could not live 
inside the seed more than 4-5 weeks from the time the seed was sowm. The moths 
originating from the seed sowm in April and May are not likely to find cotton plants 
sufficiently advanced to provide food — flowers or bolls— for their progeny. In case 
of June sowing and all the sowings done later on, the caterpillars sown with the 
seed may remain in situ till the middle of July, and the moths from such cater- 
pillars surviving till August may find the crop in a suitable condition to provide 
food for their progeny. 

It remained to be determined if moths could actually emerge out of the seed 
sown. To determine this one thousand infested (apparently containing living 
worms) seeds were sown in the first week of April and one thousand seeds in the 
first week of May 1929 at Eohtak, Sialkot and Lyallpur in buckets that were 
cov ered with wire-gauze cages. Prom each cage the number of caterpillars and 
moths coming to the surface was recorded daily and the figures are given in fort- 
nightly totals in Table XXVII. These show that during six weeks after sowing the 
caterpillars creep out of the seeds and a few moths also emerge. The observations 
further show that the caterpillars remained alive not longer than five' weeks : they 
lived till the middle of May in the seed sown in April and till the end of May in the 
seed sown in the beginning of May. Unfortunately, sowing in June could not be 
done, but from these results it will not be wrong to infer that in case of seed sown 
in June the caterpillars may remain alive at least till the beginning of July. It may, 
however, be mentioned that the percentage of mortality of the caterpillars present 
in the seed was very high, as out of one thousand infested seeds the maximum num- 
ber of caterpillars surviving was 86 (at Sialkot). Thus it will be seen that the 
caterpillars from seed sown in April could not live longer than the middle of June— 
a time at which almost all the caterpllars would ordinarily die through the effect of 
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as has b..E already BLo^m alave. 0” 

the seed sown in the he^dnaiog ot June could remarn ahvetdl 

or later in case ot latcsown seed. The moths emerging atthm time of year 

will be a source of real danger to the new crop. .an, pranHitions 

In the Puniab the date of cotton sowing fluctuares considerably and conditi 

vary accorS to the locality. In the Canal Colonies, where cotton is inostly 
grown on irrigated lands and where the Pink-Bollworm is a minor pest late (June 
fnd Jnly) sowing is a rare factor. In the South-eastern and Eastern Punjab, 
where P^nk-Bollworm occurs as a harmful insect and where cotton is mostly jwn 
on harom lands, considerable area of cotton is sown during June and m 

certain cases even in the beginning of July. It thus seems that m tracts, where 

the Pink-Bollworm is a serious pest, late sowings are actually practised, 
while in tracts, where the insect is harmless, sowings in Jime and late ar^ very 
rare if at all done. Thus the seed sown m June anddater and i^ested 
with the living Pink-Bollworms, may be a serious factor in the moidence of attack. 

Sun-lmting to destroy PinJc-Bollwom in .ccd.-Investigations have shown a 
very easy way of dealing with the hibernating caterpillars in seed. Exposing 
infested seed to sun-heat appears to be an economic method of control. It has been 
established that if seed is exposed in a thin layer to the direct rays of sun in ^ Fi , 
May or June for three hours, when the temperature of the seed may^go up to oo-W 
C. all caterpillars resting in the seed would be killed without the ger^ating 
capacity of the seed being impaired. Similar results were also obtained by W^l- 
cooks ( 1916 ) in Egypt and King (1928) in Sudan. In short, it would be a profit- 
able practice if the Punjab oultiyators take to this cheap and simple method ot 
disinfecting all the cotton seed for sowing or for feeding to cattle. 

Conohmon.—The caterpillars in the seed sown, may, in some cases, he respon- 
sible for starting infestation. 

The Role of Alternative Pood-plants in Pink-Bollworm Infestation. 

Cotton is undoubtedly the principal food-plant of the caterpillar of P. goss^J- 
ptella but the insect also feeds on a number of other Malvaceous plants such as 
MoMor^ indieum(aUbola oxlcangh-bootilSida cordifoka (Wtarmti oxmngU book), 
iUhea rosea (gidkliaira), Hibiscus eseulentus (bhindi) and occasionally on Hibiscus 
caw«a6in«s (sa«toj-«)- j^s wm be clear f it is only rarely 

that Pink-BoUworms are seen feeding on any of these plants. Of the recorded 
host plants the insect seems to show preference for indieum, and H. eseulentus. 
In addition to these alternative food plants Fletcher [1913] has mentioned that in 
India ffefecMa Saunds., is found to a very small extent in the flowers 

and seeds inside the pods of Hibiscus abdtmscJius {mushkdana or kasUtri bhindi). 
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Ifc ia evident that, while daring summer the insect feeds and breeds m the 
alternative food plants in addition to cotton, during winter, when the caterpillars 
enteTthe resting stage, it is found mostly in the remains of the previous years 
clL and only farely in other host plants. Thus we may safely conclude that 

thralternativi food plants do not play an important part m the incidence of 

P. gossypiella attack. 





Atiaoh of Pink-Bollworm on different 
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Summary. 

1. In the Punjab the life-cycle of Pink-Bollworm consists of two different 
typeSj the short-cycle and the long-cycle. In the first case the duration of each 
life-cycle varies from 19 to 37 days and there may be four broods of this insect 
from Aiigosb, when the attack starts, to November when hibernation occurs. 

2. In the second case the caterpillars hibernate. The period of hibernation 
extends to the next summer, normally it is up to July- August. The maximum 
duration of this brood so far recorded has been ten months. 

3. The infestation of Pink-Bollworm on cotton is carried from one cotton crop 
to the subsequent crop through the moths developing from long-cycle caterpillars. 
The moths emerging up to the end of June cannot breed as the food supply is not 
available. The first brood of the worms that appears in the cotton fields is the 
progeny of moths emerging in July. 

4. The possible winter quarters of this pest are in the remains of the last yearns 
cotton crop and in the food plants other than cotton. These winter quarters are the 
sources of infestation for the next year cotton crop. 

(a) Bolls on plants left standing in the fields after the harvest — The bolls left 
on the cotton plant after picking either fall to the ground (before 
May) and get mixed with those shed during the cotton season (before 
December) or they are eaten up by the flock of goats and sheep that 
are often let into the fields to graze. Exceedingly few bolls are left 
on the plants and therefore the chances for those bolls harbouring 
resting caterpillars are very remote, at any rate, this can hardly be a 
source of infestation. 

(h) Fallen bolls lytng on the si^:fiace of soil — The Pink-Bollworm resting 

in fallen bolls may survive up to the end of February, and the 
mortality till that date may not exceed 33 pet cent. During March 
and April, however, most of the fields, on which cotton grew are fully 
exposed to the heat of the sun, the resting caterpillars in bolls and 
Jcapas die in large numbers and by May they are all killed. If some 
moths do emerge prior to May, they cannot do any harm to the crop. 

(c) Bolls and seed buried tmdef-gmihnd,--^omQ of the fallen material gets 
partly or totally buried under ground, and these buried bolls although 
they contain a number of living Pink-Boll worms, yet it seems 
very unlikely that under the Punjab conditions more than an 
occasional moth ever succeeds in emerging after the month of June. 
The moths emerging before July cannot be a source of danger to the 
cotton crop. 
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(d) Bolls and y:a.'pas carried away hy fats . — Some of the fallen bolls and kapas 

are carried away by rats to their burrows, where the hibernating 
caterpillars are aU eaten up. 

(e) Bolls on sticks stored for fuel . — A number of resting caterpillars survive 

till July in dead and open bolls lying on the ground underneath a heap 
of sticks. Such caterpillars, though not in very large numbers, are 
likely to contribute towards the infestation of cotton. 

(f) Low grade cotton and Jieajps of patti kept in ginning factories. —The 

observations show that this source of infestation, although not one of 
the principal factors, is undoubtedly an important subsidiary factor in 
starting infestation. 

(gl Stored kapas as source 0 / Observations carried out in the 
Eohtak and Lyallpur districts show that the quantity of bapas left 
unginned after June is very small, both in the villages and in towns, 
and thus no danger can be apprehended from this source. 

(h) Stored cotton seed as source of infestation . — Our observations in the 

Punjab go to prove that a large amount of seed remains undisposed of 
till June and this seed harbours a large number of living Pink-Boll- 
worms. It appears that the main source of danger for wide-spread 
infestation is the seed stored in villages and in cities. 

(i) Soun seed as source of infestation.— A number of Pink-Bollworms find 

their way to the fields in seed sown. In the Punjab cotton sowing 
continues from April to the beginning of July. The caterpillars in 
seed sown in April and May cannot survive after June, but those 
present in the seed sown in June may be able to come to the 
surface up till the middle of July or later in case of late-sown seed. 
The moths emerging at this time of the year will be a real menace 
to the new crop. 

(j) Alternative food plants . — During winter hibernating caterpillars are 

rarely, if at all, found in the food plants other than cotton. Conse- 
quently alternative food plants do not play an important part in 
carrying infestation. . 

6. In short, the evidence collected so far shows that Pink-Bollworms resting in 
fallen bolls, etc. (lying on the surface of the soil or buried under-groimd), bolls on 
sticks left standing in the fields, boUs, etc., carried away by rats and food plants 
other than cotton are not sources of infestation to the new cotton crop in the 
Punjab. The infection is most probably caused by the caterpillars resting in 
cotton-seed, cotton stick material and heaps of paiii (refuse) accumulating in the 
ginning factories. 
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ObservatioiB regarding the control of Plnk-Bollwotm in the Panjali. 

It is evident that little can be done when the insect has once established itself 
in a crop* The caterpillars living in the bolls are fairly efficiently protected from 
the attack of parasites and other enemies, and ordinary chemical and mechanical 
methods of control cannot be employed. Thus it follows that the control of Pink- 
Boilworm rests entirely on the successful application of preventive rather than 
remedial measures. 

It is not necessary to adopt any control measures against P. gossypiella in the 
Canal Colonies and further West, natural agencies are effecting satisfactory control, 
but measures shall have to be adopted in South-Eastern and Eastern Punjab. 

The observations made show that there is hardly any need for any steps being 
taken to get cotton sticks pulled up before a certain date, but efforts should be 
made to get all sticks and bolls that have been removed from the field, burnt 
before the end of May, 

The cro|), as has been shown, is infected from the long-cycle moths, thus 
success in control of Pink-Bollworm consists in destroying the pest during its 
period of hibernation. The investigations eariied out establish the fact that a 
large number of Pink-Bollworms successfully pass the resting stage in cotton seed, 
stored sticks and pafti in the ginneries. 

It should not be difficult to get gin trash and cotton sticks burnt, but treat- 
ment of cotton seed is a difficult matter. Methods of control are of little avail 
unless they are applied on a very large scale. 

The seed ginned in the villages is usually fed to cattle and is often consumed 
before April, and so the large amount of seed found in the villages during winter 
months has no practical bearing on the control of seed- worms, since the infection of 
the Pink-Bollworm in the Punjab starts in July-August and it is the caterpillars 
present in the seed after June that have to be destroyed. On the other hand, it is 
observed that the seed found in villages after April is, in majority of cases, obtained 
from the cotton ginning factories. Thus we see that the seed which is responsible 
for the infection of the new cottons is distributed from the ginning factories. If 
any attempt is to be made to disinfect the seed against Pink-Bollworm, it can best 
be effected in the ginning factories. 

Cotton merchants and owners of ginning factories, who are not directly in- 
terested in the welfare of zemindars, would not treat their seed for Pink-Bollwoim, 
because in so doing they have to incur an extra expenditure without any material 
gain to them. This indifference of the ginners is likely to be the greatest difficulty 
in a complete eradication of Pink-Bollworm in cotton-seed. 

It is, therefore, recommended that by law every ginning factory should be 
made to fit up an apparatus for treating seed, and all seed stored should 
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be treated. While inspecting factories it should be the duty of the inspecting officer 
of the Agriciiltiiiul Department to any seed contains living Pink-Boll- 

worms. This measure shall be necessary only in South-Eastern and Eastern Punjab. 
A similar procedure is in existence in Egypt, where heat treatment is practised [Min. 
Agri. Egypt, 1923]. 

Zemindars should bo encouraged to buy treated seed and the Government may 
consider the advisability of giving subsidy for good seed; 

Village shopkeepers and zemindars should be encouraged to sun-heat all seed 
in April to destroy the pest. 

Appendix I. 


Area, ovt4ifm and valve of Gotion crop for the last five years in4he Punjab, 


Vear 

Basi or American cotton 

Sown area (million 
acres) 

Production of 
cleaned cotton 
(million bales) 

Approximate value 
of cleaned cotton 
(Crore rupees) 

faigated 

Unirrigated 

Total 

Irrigated 

Unirrigated 



Total 

Irrigated 

Unirrigated 

Total 

1924 

Bed . . 

1-1 

0-3 

1*4 

0-4 

0*1 

0*5 

8*8 

. 1.-2 

10*0 


American .... 

DO 

•• 

1-0 

0‘3 


0*3 

9-7 

•• 

.' 0-7 


Total 

2-1 

0*3 

2*4 

0-7 

0*1 

0*8 

18*5 

1*2 

19*7 

1925 

Beai . 0 . . . 

1-3 

0-3 

1*6 

0-3 

0*1 

0*4 

0*0 

0*8 

7.4 


American • . • j 

1 


D1 

0*4 

- 

0-4 



7*5 

.. 

7*5 


Total 

2-4 

0-3 

2*7 

0-7 

0*1 

0*8 

14*1 

0*8 

14-9 

1926 

Bed . , , , , 

1-1 

0-3 

1*4 

C-2 

0*1 

0*3 

3*3 

0*5 

3*8 


American . . 

1-1 

•• 

1-1 

0-2 

•• 

0*2 

3*5 


3*5 


Total 

2-2 

0-3 

2-5 

0*4 ^ 

0-1 

1 

0*5 

0*8 

0*5 

■ 7*3 


Nom. — I t is of interest to note that similar conclnsions have beau renehed iiulependotitly for the 
United Provinces by Ricliarfs [1927, 1928, 1929].— Editor. 
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Area, out-turn and value of cotton crop for the last five years in the P'imjab—-coiM. 


Year 

Dcsi or American cotton 

Sown area (million 
acres) 

Profluction of 
cleaned cotton 
(million bales) 

Approximate value 
of cleaned cotton 
(Crore rupees) 

Irrigated 

Unirrigatecl 

Total 

Irrigated 

Unirrigated 

Total 

Irrigated 

Unirrigated 

Total 

1927 

Desi . , . * . 

1*0 

0*1 

IT 

0*3 


0*3 

5*1 

0*3 

5*4 


American . - 

0*7 

•• 

0*7 

0-2 

•• 

0*2 

4*7 


4*7 


Total 

1*7 

0*1 

1*8 

0*5 

•• 

0*5 

0*8 

0-3 

10*1 

1928 

Desi, . . 

1*4 

0*1 

1*5 

0*3 


0*3 



. • 


American 

1*0 

•* 

1*0 

0*2 

•• 

0*2 

.. 

•* 



Total 

2*4 

0*1 

2*5 

0*5 

•• 

0*5 

*• 

- 

•• 


Appendix II. 

Export of cottonseed from the Punjab. 
Part I. 


Total quantity (in liundredvveiglits) exported in each ofiicial year 1916-16 to 

1919-20. 



1915-16, 

1916-17. 

1917-18. 

1918-19. 

1919-20. 

19,087 


10,017 

9,336 

21,317 

1,070,589 
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Paet II. 

t-Juantity exported in maunds from different parts of the Punjab daring the year 

1918-19. 


Where exported 

Delhi City 

Rest of 
Cis-Sutlej 
territory 

Territory 
between 
Sutlej and 
Jheium 

Territory 
between 
Jheium 
and Indus 

Total 

United Provinces . . • 

14 

2,441 

318 

76 

2,848 

Rajputana and Central India . 

950 

14,670 

3,696 

0 

19,316 

Karachi (for foreign countries) 

0 

1,240 

3,794 

0 

6,034 

Other places 

0 

m 

1,427 

24 

1,816 

Total 

964 

18,716 

9,235 

99 

29,014 


Appendix III. 

lAst of rotations with cotton practised in the Punjab. 


Two years rotations 

Three years rotations 

Four years rotations 

1. Wheat, cotton 

1. Wheat, fallow, cotton . • 

1. Wheat, wheat, toria 
cotton. 

2. Maize and senji mixture, cotton 

2. Wheat, gram, cotton 

2. Sugarcane, wheat, ioria-p 
cotton. 

3. Cotton, cotton 

3. Wheat, ioria, cotton 




4. Wheat, maize and senji mix- 
ture, cotton. 




5. Jmr and gtiara mixture, sugar- 
cane, cotton. 



6. Maize and senji mixture, 
sugarcane, cotton. 



7. Maize, wheat, cotton 



8. Sugarcane, maize and senji 
mixture, cotton. 




9. Maitha (senji), sugarcane, 
wheat, cotton. 









II.— Eastern and North- 
ern Phnjab. 









Average . j 2-2 1*6 8*8 0*6 I 0*6 1 2*2 
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A PRELIMINARY NOTE ON STIGMA RECEPTIVITY IN CERTAIN 

SUGARCANE VARIETIES. 


N. L. DUTT, M.SC., 

Second Game Breeding Officer, Goimbatore, 

AND 

M. K. KRISHNASWAMY, B.A. (Hons.), 

Botany Assistant, Imperial Sitgareane Station, Goitnbatore. 

(Received for publication on tbe 30th December 1930.) 

In a sugarcane arrow the opening of the flowers and hence the emergence of 
the stigmatic branches occupies a period sometimes as much as seven to eight days. 
For hybridization work the arrow will need to be pollinated each morning as fresh 
stigmas are exserted ; and observations on stigma receptivity are likely to enable 
cross pollination to be done in one operation in the case of var ieties whose duration 
of stigma receptivity is longer than the period of the opening of flowers in the whole 
arrow. The observations detailed in the present note represent stigma receptivity 
tests made during the 1929 arrowing season with the varieties POJ. 100, POJ. 2364 
and Vellai, and repeated again for oonfi.rmation during the 1930 season. During 
the latter season POJ. 2725 was also tested. The above varieties were selected 
for these tests as they have h'ttle or no poUen of their own. 

Mercado [ 1926 ] working with the sugarcane varieties C. A. C 87, Badila, and 
Negros Purple states that “ observations were made on the length of the time the 

stigmas remained fresh Just after the flowers opened , the fresh stigmas 

could be seen to have a ‘syrupy secretion’ After a time the 

stigmas lost the sticky secretion, causing their receptive power to cease ”. Observa- 
tions on stigma receptivity have also been recorded for other crops, e.g., Anthony 
and Harlan [ 1920] on barley ; and Leding [ 1928 ] on date palm. Anthony and 
Harlan found that, on the sixth day, no pollinations brought about fertilization, 
and according to Leding there was a gradual decline to 23-2 percentage of fertilized 
blossoms in the date palm on the eleventh day. Weatherwax [ 1923 ] states that 
“ the period of receptivity in the maize silks continues for two weeks or more, the 
silks continuing to elongate in the meantime if they are not pollenized ”. 

For these tests the ‘ isolated ’ canes — artifi.cialiy rooted according to the method 
developed at Coimbatore [ Venkatraman and Thomas, 1926 ] were kept growing in 
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big eartben pots (height 16 in., diameter at top 18 in.) and located in separate 
sheds — each variety in a shed — quite separate from other such sheds and far away 
from the cane plots at the station to protect against unintended pollen. After 
making sure by careful examination that the stigmas were actually free from any 
polIeUj the experiment was started. In the morning the flowers were emasculated 
before opening, and left undiisted with pollen for the required period. The stigmas 
were then dusted with fresh pollen, and about two hours after dusting, stigmatio 
branches were removed, stained with cotton blue, and examined under the micros- 
cope .for, pollen germinations. 

In the 1929 season fresh POJ. 2696 pollen was dusted on the stigmas of all the 
varieties under study, the dusting being done after emasculation on 2, 4, 8, 12, 24, 
48 and 72 hours old stigmas. On examining under the microscope it was found 
that the dusted pollen had germinated in all the above-mentioned stigmas. Pollen 
was then dusted on seven days old stigmas of Vellai, and POJ. 100 ; and five days 
old stigmas of POJ. 2364, and on these also germinations were noticed. These 
tests were repeated during the 1930 season and the pollen was dusted on five or 
more days old stigmas. The results are detailed in the following table. 

Table I. 


Res ults of stigma receptivUg tests ^ 1930, 


Name 
of tlie 
variety 

Date of 
emasoiiia- 
tiori 

Date of 
dusting with 
fresh polien 

Name of 
the pollen 
|)areiit 

No. of stigma 
branches exa- 

mined 

Total No. of pollen 1 
grains on stigma j 
branches 1 

Total No. of 

germinations 

Remarks 

POJ. 2725 

Ifitli October 
1930. 

21st October 
1930. 

Go. 285 . 

8 

720 

354 


POJ. 2725 

Ditto. 

24tli October 
1930. 

Sacchamm 

tanenm. 

10 

■ 

477 

280 

TipS' of stigmatio 
blanches found 
drying. Lower 
portions recep- 
tive. 

POJ. 2725 

Ditto. 

27th October 
1930. 

Ditto. . 

C 

. 

808 

27 ; 

Two branches 

completely dry. 

A third one just 
beginning to dry 
but receptive. 

POJ. 2364 

17tli October 
1930. 

22nd October 
1930. 

Co. 285 . 

8 : 

829 

281 

Three branches 
dry. 

POJ. 23G4 

Ditto. 

24th October 
1930, 

iSacckamm span- 
tanmm 

6 ! 

. i 
1 

851 

382 

Two branches 

drying up in 
patches. 


L A 
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Besults of stigma feceptivily tests 1920 ^contd* 


Name, 
of the , 
variety 

Date of 
emascula- 
tion 

Bate of 
dusting with 
fresh pollen 

Name of 
the pollen 
parent 

No. of stigma 
branches exa- 

mined 

Total No. of pollen 
grains on stigma 

I branches 

Total No. of 

i germinations 

Kemarks 

POJ.23t54 

mh October 
1930 

27th Octo- 

ber 1930. 

Saccharam Spon- 
taneum. 

6 

329 

121 

Two branches 

drying «P „ 
patches. A tliii’cl 
one completely 

dry. 

POJ. 100 

1st November 
1930. 

9fch Novem- 
ber 1930. 

B. 3412 . 

8 

265 

128 


Vellai 

27th Oc(;ober 
1930. 1 

1st Novem- 
ber 1930. 

Ditto 

6 

720 

322 


Vellai 

. i 
1 

SOfch October 
1930. 

8th November 
1930. 

Saachar%m spo7i^ 
taneum. 

12 

48 

1 

27 

j 

Only one U ranch 
r e c e |> t i v e. 
Others dry. 


It will be seen from the above table that about thirty-four to forty-nine 
per cent, of the pollen dusted had germinated on five days old stigmas, of Vellai, 
POJ. 2364, and POJ. 2726, and that on such stigmatic branches as had not 
completely dried, there were germinations on 8, 9, 10, and 11 days old stigmas 
of POJ. 100, Tellai, POJ. 2364, and POJ. 2725 respectively. Besides the above 
tests, a few flowers of the varieties Vellai, POJ. 2364, POJ. 2725 and B. 6308 
were emasculated about twenty-four hours before opening and the stigmas were 
dusted with fresh pollen. The stigmatic branches were then examined under 
the microscope and it was noticed that the pollen dusted had germinated on the 
stigmas. 

■ It has to be pointed out that in all the foregoing tests the observations 
were intended mainly to find out whether the stigmas were receptive to |io!imi 
germinations, that is to say, whether fresh and viable polieii, wlmi dusted 
on the stigmas, would germinate. It is proposed to continue these observutimis 
during subsequent years to ascertain the length of time during which the iloweis of 
the sugarcane remain receptive to fertilization. 

REBmENOES. 

Anfcbony and Harlan (1920). J. Agric. Bes, 18, 526-536. 

Lecfing (1928). J. digfW. 36, 

Mercado (1926). PMUppine AgrlcuUurist 

Veokatraman and Thomas (1926) Agric, J, Ind, 81, 203-209. 

Weatherwax(1923). The story of the Maize plant p. m 






A NOTE ON BACTERIAL LEAF SPOT OP KHIMA (GUOUBm 

SATIVUS). 

BY 

HARI HAR PRASAD, 

Assistant to the Imperial Agricultural Bacteriologist^ Pma. 

(Received for publication on 29tli January 1930.) 

With Plate XVI. 

In July 1930 a leaf spot was noticed on tbe variety of A/wVa sown in Febru- 
ary— March and grown under irrigation during the hot weather months. The 
spots were numerous, and had probably been present for some weeks ; some 
leaves were covered with numerous spots, others were only slightly affected or 
unattacked. Affected plants were found in widely separated localities in and 
around Pusa. Similar spots were found, . but in markedly fewer numbers, on 
an another variety of Khira, which is grown in the rainy season and without 
irrigation. 

The spots were noticed only on the leaves, and are made conspicuous by a 
bright yellow halo. Two or more spots may unite, and form circular or angular 
brown areas. On the lower surface they appear smooth, thin, brown and water- 
soaked. Large areas of dead tissue may occur in places (Plate XVI)« 

Examination of affected material indicated that the spots were of bacterial 
origin. In microtome sections large numbers of bacteria were seen in the tissues 
adjoining the stomata. From diseased tissue an organism was isolated, which 
when suspended in water and sprayed or rubbed on the under surface of leaves 
of healthy plants, produced the characteristic spots in about four days. The' 
organism could be re-isolated from these spots and successfully inoculated on 
fresh material. 

Desobiptiok of bacteeium peoducing the lesiohs , 

Short rods, 0*5-0*7 X0‘7-1*5 {X ; motile ly a single polar flagellum ; in stained 
preparations from agar cultures it is found singly, ' in pairs, or in short chains ; 
gram negative ; spores absent ; produces a little slime ; colonies on ordinary agar 
convex, ■ round, yellow, ' with internal ' concentric markings ; liquefies gelatine 
slowly ; strong diastatic action on potato ; no gas formation from glucose, lactose,., 
sucrose ; no growth in Cohn's solution : moderate growth in Uschinsky ; milk 
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slowly curdled and peptonised, some reduction of litmus. 

This description agrees with that of Bacterium cvcurUtae, whmh produces 

similar lesions on cucurbita, except in the reduction of nitrate and iiidol produc- 
tion. [Bryan, 1926 ; Elliot, 1930 ]. 
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ABSTRACT 


Studies on tlie' Transport o! Nitrogenous Substances in the Cotton Plant ¥• 
Movement to tlie boli K Haskell and T. G. Mason. (Memom of iU Cotton 
ReseareJi Station, Trinidad, Series B, No. 3, 1930. Piiblisiied by the Empire Cotton 
Growing Corporation.) 

A 1. On the "basis of earlier work, a tentati^re picture of the transport of carbohydrates and 
organic nitrogen is put forward as follows. For nitrogen as well as for carbohydrate transport 
there seems to be a gradient basis. For carbohydrates the head in the leaf is apparently 
reducing sugars, while for nitrogen the head is residual N. Within the sieve-tubes all the soluble 
carbohydrates and all the labile forms of nitrogen, including protein, should contribute to 
longitudinal transport, the part played by each depending on the effective concentration 
gradient maintained, and probably also on the diffusion constant. The maehanism (possibly 
protoplasmic streaming) which is responsible for accelerating diffusion along the sieve-tubes 
should act impartially- on all materials that are free to move. Movement from the sieve- tubes 
into other tissues and v$ce versa, is presumably confined to crystalloid substances, and in the 
case of nitrogen there is some evidence suggesting that residual N is the most important fi action. 
The rate of movement out of the sieve- tubes should depend on the effective gradient of exit 
maintained. 

2. In the present paper we consider this picture of transport in relation to some aspects 
of the uptake of material by the boll. 

B 1. In the first experiment a study is made of the effect of removal of flower- buds and 
bolls on the carbohydrate and nitrogen content of the leaves and the stem tissues. 

2. Removal of flower- buds and bolls was followed by an increase in concentration of carbo- 
hydrates and of nitrogen, not onty in the bark, but also in the wood and the leaf. Removal of a 
^ sink the flower-buds and bolls, is thus similar in its effects to the isolation of another ^ sink 
the roots, by ringing the main-axis at gror.nd level ; and the results confirm the general concep- 
tion of a gradient basis for the transport of nitrogen and carbohydrates. 

3. The percentage increase in nitrogen content was greater than that in carbohydrate 
content. 

4. Polysaccharides account for a large part of the carbohydrate response, but total sugars 
also show a well-marked response, mainly due to sucrose. Protein N responds particularly in 
the leaves and in the upper region of the bark. Crystalloid N shows a well-maiked response in 
all regions, and the percentage increase in crystalloid N is, in general, greater thair that in 
protein N. In the leaves the crystalloid N response is mainly residual N ; residual H responds 
also in bark and wood, but except in the upper region of the wood the increases are small. The 
greater part of the crystalloid N response in the stem-tissues is due to asparagine. Nitrates are 
almost unchanged in the leaves, but show a fall in bark and wood of the upper region. 

• The results are in most respects similar to those obtained on ringing the stem near its base. 

C 1, In the second experiment an attempt was made to elucidate the method of carbo- 
hydrate and nitrogen uptake bj the boll. The uptake of carbohydrates and of nitrogen, and the 
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drift of Bap concentrations, were followed for seven days in fertilized and unfertilized boils. 

0 rules aud earpels were handled separately. 

2. A marked difference as between fertilized and unfertilized bolls, in uptake of carboliy- 
' drates and nitrogen, and a definite divergence in the march of sap concentrations of certain 

compounds# beeaine' apparent in both ■ ovules and carpels on tlie fourth day after anthesis. 

3. Two types of change are distinguished as likely to lead to the Increased uptake by the 
fertilized bolls : (1) sm ineremed rale o/ uHlizalion of the mobile compounds (ie., compounds 
that enter the ovules and carpels from the sieve-tubes) ; (2) an increased ease of entry for t]:iese 
compounds. In the first case the concentration of the mobile compound in the growing organ 
diminishes, the gradient of entry steepens, and the rate of uptake Increases. In the second 
case the rate of movement for unit gradient of entry Increases, the concentration in the organ 
Increases, and transformation (growth) becomes in consequence more rapid. If both factors 
operate there may be no change in concentration. 

4. Ease of entry cannot be exactly measured, since we do not know the effective gradients 
of entry. But from (i) the amount of carbohydrate (or nitrogen) transformed during any time 
interval, and (2) the mean amount present during that time interval, of any compound that is 
assumed to be the mobile compound, estimates may be obtained of rates of utilization. Utiliza- 
ti<m indices can be calculated in this way for each of the compounds studied ; and information 
is also available in each case as to the change of sap concentration during growth. 

5. Applying these criteria to the results obtained for the fertilized and unfertilized bolls, 
it seems probable that the increased uptake of carbohydrate by the fertilized ovules and carpels 
is due to an increased ease of entry of sucrose, coupled with an increased rate of utilization. 
The concentration of sucrose remains low during growth, and maintains approximately the same 
level in fertilized and unfertilized bolls. In the case of nitrogen, the results strongly suggest 
that the greater uptake by the fertilized ovules and carpels is due to a higher rate of utilization 
of crystalloid prod icing a lower concentration and therefore a steeper gradient into the 
ovules and carpels. In the ovules this increase in rate of utilization and decrease in concentra- 
tion is shown by asparagine and residual IST, but in the carpels by residual IST only. From a 
consideration of the gradients into the boll during growth it seems probable that for both ovules 
and carpels the residual N fraction rather than asparagine, is the form in which organic nitro- 
gen enters from the sieve-tubes. In addition to an increased rate of utilization of residual H 
there may also be some increase In ease of entry. 
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THE INTEENATIONAL YEARBOOK OF AGRICULTURAL 

STATISTICS. 

Tlie International Institute of Agriculture at Eome Las recently publisted the 
1929-30 edition of the International Yearbook of Agricultural Statistics. 

This volume of about 800 pages is the result of the most extensive and detail- 
ed inquiry made in the domain of iaternational agricultural statistics and consti- 
tutes a work of the greatest importance to all those who are interested in questions 
having a direct or indirect relation to production and commerce of agricultural 
products, ' ■ 

III tiic first part of ti.© Yoiirbook arc classificcl the figuires for aica and , popiilu* 

tion in the years nearest to 1913 and 1829 for 220 countries : the presentation of 
these figures throws light upon the world situation from the geographical, 
political and demographical points of view during both the pre-war and post-war 
p eriods. The second part is composed, of a series of tables comprising for nearly 
50 countries the available data concernirg the uses for which the total area is em- 
ployed, the apportionment of cultivated areas between the difierent crops, agricul- 
tural production, numbers of the different kinds of live-stock and the products 
derived from them. In the tables constituting the third part of the volume, have 
been indicated for nearly 40 agricultural products, the area, jiroduction and yield 
per acre in each country during the last five years of the pre-war period and during 
each of the years from 1926 to 1929, 

For each kind of live-stock, all available figures in the different countries have 
been grouped for the years 1913 and 1925 to 1929. A large part of the volume is 
devoted to statistics of the commercial moveifient of 42 vegetable products and 
12 products of animal origin. The figures published relate to the imports and ex- 
ports during the calendar years and for the cereals also during the commercial sea- 
sons. 

It may be added that the tables of production and commerce not only specify 
details for each country but also the totals for the different continents and hemi- 
spheres and for the whole world, allowing the formation of general idea of the 
changes taking place during the periods under consideration in the area under each 
crop, quantities harvested and the commercial movement in each product. 

The part devoted to prices contains the weekly quotations of 25 agricultural 
products on the principal world markets for the year 1913 and for the period Janu- 
ary 1926 to June 1930. In the freights section will be found the quotations for the 
carriage of wheat, maize and rice on the most important shipping routes, and in 
the section reserved for fertilizers and chemical products useful in agriculture are 
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piiblislied statistics of production, trade and prices for 15 products. In the rates 
of exchange section are set out the rates on the New York Exchange for the most 
important currencies. 

For the first time there have been introduced into the volume special chapters 
on the importance and distribution of the agricultural population, the distribution 
of agricultural holdings according to their size and mode of tenure and forestry. 

The volume has also been enriched by a long introduction and chapter of ex- 
planatory notes. 
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ANNUAL OUTBEISAKS OF RUSTS ON WHEAT AND BARLEY IN 

THE PLAINS OP INDIA.=^' 

BY 

E; a MIHTA, M.Sc., Ph-D. (Cantab.), 

Profess Of of Botany^ Jgm College, Agra^ 

(Receiyed for publication on tbe 10th December, 1930.) 

Wheat in India soffers from all the three rusts {Pucdnia glumanim Eriks, and 
Henn., P. tritieina Eriks., and P, graminis Pers.) known on that host. The yellow 
rust {P.glumanm Eriks, and Henn.) and the black (P. graminis Pers.) are also 
common on barley but the dwarf rust of barley (P. simplex) is very rare. Oats in 
India are free from rusts. 

On an average there are 30,500,000 acres under wheat and 7,000,000 aoreB 
under barley in India each year. 

The greater part of the area under these crops lies in the Indo-Gangetic plain?* 
Central Provinces, Sind and Deccan. 

Both these crops are also cultivated in the billy tracts of the area mentioned 
above, as well as in the Himalayas up to an altitude of nearly 10,000 ft. above sea* 
level. 

Both wheat and barley are sown in Oetober-November and are harvested in 
March- April on the plains, whereas the harvesting in the hills is done a couple of 
months later. 

As far as India is concerned the season of the year which is critical for rusts is 
the intensely hot summer and not winter, as is the case with most of the wheat- 
growing countries. 

For a period of nearly seven years the incidence of all the five rusts under report 
has been studied by the writer in the plains of the United Provinces as well as in 
the Eumaon hills. 

Casual observations have also been made at suitable periods in the neighbour- 
hood of Simla for purposes of verification of the data obtained. 

* Paper read before the Mycology Section of the International Botanical Congress on August 23, 

" 1930, at Cambridge. 
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Tlic pres6iit position' of the problom of annual outbreaks of rusts in India may 
be briefly stated as follows : — 

A. Incidence of rusts on tlie plains. 

(1) About the harvest time (March- April) there is very little of the viable 

material of xiredospores on the plains. All attempts to grow rusts, 
after the end of April, have failed at Agra even in shade, and this 
is in agreement with previous observations about United Provinces. 

(2) It is almost impossible for the uredospores to survive after the 

harvest, on the plains of India, where the heat of summer is so 
intense that the maximum temperature in shade may be well above 
110°]?. for several weeks during May and June, over the greater 
part of the area under cultivation. 

The above statement has been well corroborated by the results 
of experiments conducted with Hearson’s 9 compartment 
incubator, in order to study the influence of summer tempera- 
tures on the viability of fresh uredospores. 

(3) That explains why crops sown on the plains are free from rusts 

normally up to the middle of January each year, two to three 
months from the time they are up. Yet tlfc temperature 
on the plains is quite favourable for the growth of rusts from the 
middle of October onwards. Wheat inoculated at Agra with 
uredospores of brown rust brought down from the hills in specimen 
tubes in October developed pustules wdthin a week. 

(4) It is right therefore to conclude that, at the time when these crops are 

sown (October-November), there is no local source of infection on 
the plains of India. A few self-sown plants that may be present in 
the fields are invariably free from rusts, besides the alternate 
hosts are not found on the plains. 

B. Incidence of rusts in the hills. 

(5) Conditions in the hills are different, where on account of a comparatively 

mild summer, uredospores of rusts survive on self-sown plants and 
tillers during the critical period. Viable uredospores of rusts of 
wheat and barley have been found by the writer several times during 
summer at Muktesar (7,600 ft. above sea-level), where the average 
temperature during May-August, the hottest part of the year, is 
20-30°F. lower than that of Agra. 

(6) The infection of the new crops at such places in the hills, where 
uredospores are available on volunteers at the time of the sowing, 
does not need much of an explanation. 
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(7) Another 'fact to bear in mind is, that year after' year rusts appear 

earlier on crops at the foot of the Himalayas than at places farther 
off. Plant to plant there is a severer attack at the foot of the hills 
in the month of January, when rusts are either absent, or are just 
appearing on the plains. 

(8) On account of the obvious survival of uredospores in the hills during 

the critical period and earlier outbreaks of rusts every year at the 
foot of the hills, one may rightly conclude that it is a case of 
dissemination of rusts by wind to crops on the plains of India. 

Yellow Rust (P. ghmarum Eriks, and IIenn.). 

It is interesting to note that although there is no alternate host known for this 
rust; its recurrence is the easiest to explain. 

As stated before, this rust survives the summer in the uredo-stage on self-sown 
plants in the hills at an altitude of nearly 7,000 ft. and above, and there is plenty 
of this rust at the time of the sowing. 

After the infection of the new crop in the hills, the mycelium of this rust seems 
to grow by fits and starts during November-December, on account of the severely 
cold winter. Following a comparatively long incubation it breaks out in December- 
Janiiary. At the higher altitudes this is the only rust found up to the end of 
March as it stands cold better than the other two. It is probable that outbreaks 
of this rust on crops at Muktesar and places similarly situated lead to rust infec- 
tion on the plains due to wind-blown uredospores. 

Brown Rust op Wheat and the Black Rust of Cereals. 

A few species of Thaliotnim, the recently discovered alternate host for P. 
triticina and Berberis, the alternate host for P. gmminis, are found in India in the 
hills. Aecidia on Tkdielrum rather rare and most of the secidial material 
occurring,, on Berbem is caused by Aeddimn montanum Bho\Vmg characteristic 
witches-brooms Barclay has recorded the occurrence of a3cidia on Thalictnmi 
and Berberis vulgaris in India during July and August, but there is no evidence to 
show that they are connected with brown rust of wheat and the black rust of 
cereals respectively. 

So far the writer has not come across mcidia on either of these hosts in the 
area that has been under observation in Kumaon and Simla hills. 

Inoculations made with aicidiospores from Bcrbms and lycinm 

have given negative results in each case. 

Viable uredospores hf both these rusts, however, are found in the hills during 
the critical period. 
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It is interesting to note that these rusts appear on the plains by the beginning 
of February, ie., one-and-a-half to two months earlier than at Simla, or Muktesar, 
where they' have not been found even by the end of March. 

It is' clear therefore that aeeidia found in the hills during March- August have 
'no d.irect part to play for crops on the plains. The results of observations mads so 
far suggest that the source of infection for crops on the plains in the case of both 
these rusts spreads from lower altitudes where, on account of a mild winter, uredos- 
pores occurring at the time of sowing may cause outbreaks on the ii.e\? crops rather 
early in the season, and the infection may then disseminate to plains in January- 
February. 

At the foot of the hills near Nepal both these rusts were observed this year as 
early as the end of January, and it is proposed to extend the work to that territory 
soon. 

The Imperial Council of Agricultural Research ixi India have recently accepted 
a scheme of investigations on cereal rusts, and work on the life-histoiie sof brown 
rust of wheat and the black rust of cereals is already in progress at two laboratories 
in the Mils. 

The Meteorological Department of India and the Royal Air Force at Ambala 
have kindly agreed to help in the study of rust dissemination* A few preliminary 
tests were made early this year, with slides exposed in aeroscopes and those sent up 
on hydrogen balloons, and the results were promising.* Uredospores of black rust 
were caught at Agra on a slide sent up on a balloon and on another exposed in an 
aoToscope three and two weeks respectively before that rust appeared on the crops. 
One of the slides expensed at Lyallpur caught spores of brown rust two weeks before 
it was noticed on the wheat crop. 

With the facilities that are now available, the writer hopes that further work 
will fill up the gaps in our knowledge of the recurrence of rusts in India before long. 

Damaob pone by Rusts and tee Means of combating them. 

According to an estimate made nearly 25 years 'ago, the annual loss in India 
due to rusts on wheat alone comes to Rs. 40,000,000, le., £3,000,000 or so. 

The absence of suspected alternate hosts on the plains, and the inability of 
uredospores to survive the summer over nearly 95 per cent, of the total area under 
wheat and barley, offer a unique opportunity for measures of control in India. 

The data obtained so far clearly indicate that the foci of infection in the case 
of all the rusts under report lie in the hills. 

* uiecliaaisin of tte ‘ spore Trap * used for this purpose is explained ia a Note, by Bfr. G . 

Chatterjee, Meteorologist in charge of the Upper Air Observatory at Agra, published on p. of this 
Journal. 
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Destruction of volunteers and tillers after harvest and before sowing in the hills 
seems to be one effective way of dealing with the situation. 

Still more effective should be the suspension of cultivation of wheat and barley 
for two to three years in the hills which occupy hardly two to three per' cent, of the 
entire area under these crops in the country. This method would be impracticable 
without the co-operation of the neighbouring States that own a considerable part of 
the hilly tract. 

The only other way of checking the spread of rusts in the hills and thereby 
saving crops on the plains to a considerable extent, is to cultivate only rust- 
resistant varieties in the hills. 

There is a pressing need therefore for investigations on the biologic ” forms 
of rusts on cereals and grasses in India. Information on the different forms that 
may be present in the country and their distribution should be of immense help in 
the selection and breeding of varieties suitable for cultivation in the hilly tract and 
at the foot of the hills. At present there is no such information available in India. 


THE CEREAL-RUST PROBLEM IN INDIA. 

BY 
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Professor of Botany^ Agra College, Agm. 

(Received for publication on the 12th February, 1931.) 

In view of the fact that only two years ago the writer published an account of 
his study of the ‘^ Annual recurrence of rusts on wheat in India '' [Mehta, 1929] 
along with a review of earlier and contemporary work on the problem of cereal 
rusts done in other countries, a detailed discussion of the problem again would mean 
unnecessary repetition. 

This article has been written at the instance of the Imperial Council of Agricul- 
tural Research and may be read in continuation with a paper on '' Annual out- 
breaks of rusts on wheat and barley in India which will be found elsewhere in this 
journal and was read by the writer as an invitation paper for a discussion on the 
Dissemination of cereal rusts '' at the last International Botanical Congress held 
at Cambridge in August, 1930. 

It is unnecessary to stress the importance of investigations on cereal-rusts for a 
country like India where there are as' many as 30,500,000 acres under wheat, and the 
barley crop covers another 7,000,000 acres each year. 

The writer has already suggested the possible measures of control which will 
have to be adopted in course of time if a Gonsiderable part of the huge sum of 
Rs. 40,000,000 has to be saved out of an annual loss due to rusts of wheat alone in 
this country. 

It is time we reviewed the problem in the light of recent work done in the 
United States of America, Canada and other important wheat-growing countries of 
the world. Work on similar lines will be necessary for a proper imderstaiidiiig of 
the problem as a whole in this country, before actual measures of control can be 
adopted over the entire area under wheat and barley. 

The present state of our knowledge of the recurrence of rusts in this country 
may be summarized as follows 

(1) Rusts of cereals are perpetuated from season to season largely I>y their 

iiredospores which oversummer at different altitudes in the hills. 

(2) As far as the plains are concerned, jBcf&cm vulgaris mi species of TIioMe- 

tnm, the two alternate hosts for the black rust of cereals and the brown 
rust of wheat respectively, play little part in the yearly origin of those 
rusts, “ 
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Study of ' cereal-rusts in India lias furnislied one of the most interesting 
examples of the influence of weather conditions, particularly temperature, on the 
different parasites concerned. Data obtained so far about yellow rust in India have 
corroborated the observations previously recorded by the writer [Mehta, 1923]. 
This rust can stand cold very well but cannot oversummer in India except at higher 
altitudes. Outbreak of this rust on wheat and barley crops at higher altitudes as 
early as Decemher-Jaiiiiary each year suggests the probability of its dissemination 
to the plains by wind-blown uredospores. 

With regard to the brown rust of wheat and the black rusts of wheat and 
barley, the writer has already recorded that the source of infection seems to spread 
to the plains from lower altitudes where, on account of a mild winter, uredospores of 
these rusts occurring at the time of sowing may cause outbreaks on the new crops 
rather early in the season. The above contention of the writer has been recently 
corroborated by work done at Almora, where both these rusts have survived in the 
open on miniature plots since the beginning of May 1930 and are alive up to the 
time of writing (23rd February, 1931). Recent work has also cleared up our doubts 
about the disappearance of the uredo-stage of these two rusts during winter at 
Muktesar, which is only 14 miles from Almora but is nearly 2,500 ft. higher (alti- 
tude 7, 600 ft.), and where the winter is intensely cold. The oversummering of 
brown and black rusts is not unlikely even at altitudes slightly lower than that of 
Almora (nearly 5,000 ft.) because they can stand warm weather better than yellow 
rust. At any rate the black rust, which can resist warm weather even better than 
brown, should be able to oversummer at altitudes of nearly 3,000 — 4,000 ft. above 
sea-level under moist conditions. 

The data ohtained so far clearly indicate that in India yellow rust survives in 
the uredo-stage all the year round at higher altitudes on account of a temperate 
climate. The brown and black rusts oversummer at higher as well as lower alti- 
tudes, but survive during winter only at the latter. The brown rust may survive as 
mycelium inside the host, but there is little likelihood of black rust sm'viving the 
winter at the higher altitudes because of plenty of snow. 

In the light of the circumstances mentioned above the cereal-rust problem in 
India appears to be unique and should be far easier to tackle than is the case else- 
where. For instance, if our rusts are mainly propagated year after year by the ure- 
dospores, as seems probable, the serious complication in the way of breeding varieties 
of wheat resistant to brown and black rusts,^n account of a large number of phy- 
siologic forms, does not arise. In the United States of America, on account of the 
hybridization on Berbem vulgmis which occurs over the greater part of the area 
under cultivation, there are 100 physiologic forms of black rust of wheat alone. In 
view of this serious difficulty in the way of breeding resistant wieties, the United 
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Sfc'ibes grivemmmt moiiej every year over the eradica- 

tion of barberry bushes in order to save their cereal crops. 

In India the absence of 5<3r5cm vulgmis djA Thdwtmm on the plains, which 
cover nearly 95 per cent, of the entire area under cultivation, is the most hopeful 
feature for measures of control. 

If a careful survey in the hills ultimately establishes the fact, which seems pro- 
bable, that and Berberis vulgaris (which occurs only at altitudes of 8,000— 

12,000 ft.) get rusted late in the season (March-May), and are therefore ineffective as 
far as the crops on the plains are concerned, the solution of this problem should be 
within sight in this country. The writer finds it difficult to understand as to how 
our crops on the plains could get rusted as early as December- January if the alter- 
nate hosts were responsible for fresh outbreaks of both brown and Hack rusts, 
because we know it definitely that these two rusts appear at higher altitudes nearly 
three months later. That should leave little doubt about the part which alternate 
hosts play at any rate as far as outbreaks on crops on the plains go. Consequently 
the survival of all the five rusts in the uredo-stage in the hills strikes one as a 
factor of outstanding importance in the annual recurrence of rusts on the plains of 
India. 

Under the auspices of the Imperial Council of Agricultural Eesearch a physiolo- 
gical study of all the rusts under report is in progress at the laboratories at Simla 
and Alniora, where the life-histories of brown and black rusts are also under investiga- 
tion. A study of the dissemination of rusts by wind was started in January, 1930, 
with the co-operation of the Meteorological Department, and the results obtained so 
far are very promising. It is proposed to extend the scope of this work by catching 
spores on kites at Agra in addition to the exposure of slides in aeroscopes, which 
is being done at present at six different stations over the area under cultivation. 

Only recently a preliminary study of physiologic forms of rusts of wheat has 
been started by the writer with the object of finding out, in a general way, if there 
are many physiologic forms in this country, and if the forms occurring in various 
localities, including the hills, are different. 

The following are the different aspects of the cereal-rust problem which still 
need intensive work in this country : — 

(1) A thorough survey of the barberry situation in the hills and a study of 

the suspected connection between barberry and Hack rust as well as 
between species of Thali^mw, and brown rust of wheat in nature. 

(2) A combined survey of the regional distribution of all the five rusts in 

India and a survey of places, where oversummering of rusts is Ekelj, 
in the near neighbourhood of all important areas of wheat and barley 
cultivation. 
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(3) A study of the different physiologic forms of rusts, their regional distri- 

bution in the hills and the neighbouring plains. Side by side with 
this work a study of the pathogenicity of the different physiologic 
forms on well-known varieties of Indian wheats would be of immense 
use for the selection of varieties suitable for cultivation and breeding 
purposes. 

(4) Study of rust dissemination. 

(5) When adequate information on the various aspects of the problem out- 

lined above has been obtained and we know the physiologic forms that 
may he occurring in the country, the co-operation of plant-breeders 
would be indispensable for the breeding of resistant varieties suitable 
for cultivation in the hilly tracts of the country. 

In India the control of rusts by the cultivation of resistant varieties should be 
more easily practicable than elsewhere because the perpetuation of rusts hy uredo- 
spores is possible only over three to five per cent, of the entire area imder wheat and 
barley. Consequently the cultivation of resistant varieties in the hills only should 
check outbreak of rust epidemics at those localities that are now working as foci 
of infection for crops on the plains. 

The cereal-rust problem is an all-India concern, and being essentially a case of 
dissemination of infection by winds that know no territorial restrictions, it is hoped 
that the Indian States will offer all facilities they can in the investigation, and later 
on co-operate in the adoption of control measures. 

At its last session, the International Botanical Congress made a strong case for 
investigations on cereal-rusts by passing unanimously a resolution drawing the atten- 
tion of all cereal-producing countries of the world to the importance of the problem. 

It will be clear from what has been stated above that at its present stage the 
problem under report needs a band of trained workers in India who should carry 
out investigations on the lines indicated above for a number of years. 

In the United States of America and Canada work on this problem has been in 
progress for several years on lines of elaborate national schemes, and countries like 
Australia, Russia and Kenya have also undertaken investigations in the light of 
results obtained in the U. S. A. and Canada. 

It is a problem full of promise, and when fully understood, should lead to results 
of incalculable value to agriculture in this country. 
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(With Plates XVII and XVIII.) 

The apparatus (Plate XVII) consists of a cylindrical slide-holder H made of 

brass whose open ends P and Q can be closed by two circular flaps Lj, L^, hmged 

about the line XY. The flaps are held in the position shown rn the sketch, 
uncovering the ends of the slide-holder, by means of a thread T working against the 
tension of the rubber band R. The arrangement is such that when this thread is 
burnt or cut, the discs fly back under the tension of the rubber band to cover the 

ends of the slide-holder and are locked in position by a spring catch C. 

The slide-holder is attached to the diametral stick (K) of a bamboo cage such 
11 , at its lenath is paraHel to the diametral stick and the cage is attached to a balloon 
“ Sii It vertical. (See B. PWe XVIH). Dcrt»g Ac ascent of tie Moon 

the slide is thus exposed to a draught of wind. ri i n 

The thread T which holds the flaps from covering the ends of the slide-holder 

passes through a fuse-f Fj Fg whose rate of burning is approximately known. The 
len^'th of this fuse Fj Fj is so adjusted that if it is ignited at the end Fj just before 
the\alloon is let off, it horns the thread shortly before the balloon has reached the 
height up to which the slide is required to be exposed. This adjustment is possible 
because the approximate rate of ascent of the balloon with its attachments is easily 

calculable. 


the meotonism of the “ Spore Trap” which was used in hydrogen balloons for 
the study of rust dissemination, to which reference was made in the article on “ Annual Outbmaks of 
Brts on Wheat and Barley in the Plains of India ”, by Dr. K. 0. Mehta, which appeam on p. US? of this 

'^““Tpor a method of preparing the fuse vids “ An Upi>er Mi Temperature Indicator for Use with Pilot 
Balloon ”, by G- Ohatterjee, in Qerlatids Beitrage zstr Geophysik, Vol. 24 (1029), p. 361. 
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A striiKx N carrying a paper flag G at its end is attached to the thread T at the 
point % by means of a wire looped at both ends (W^ W^). When the fuse burns 
the thread this flag is released. The distance between the mouth of the balloon ^ 
in Plate XVIII) and the paper flag (G in Plate XVIII) is adjusted to a definite 
lengtli, and gives us a basehne on which angular measurements can be taken. The 
balloon is followed by means of a theodolite, and readings of ( 1 ) the angular measure 
of the baseline on a graticule in the field of view of the theodolite and ( 2 ) angles of 
azimuth and altitude of the balloon are taken at definite intervals of time. These 
readings enable one to calculate the height of the balloon above ground at any 
instant. While following the balloon the instant at which the flag is released is also 
noted, so that the height through which the slide is exposed to the draught of 
air is easily calculated. By additional arrangements with an extra fuse it is 
also possible to begin to expose the slide after a known height above ground is 
reached. 

The aim being to take up the spores-catcher to a desired height and not allow 
it to drift with the balloon further than is unavoidable, a special type of balloon 
developed originally by Mr. J. H. Field is used. For this purpose the balloon after 
reaching the predetermined height is made to empty itself of its hydrogen gas, with 
the consequence that the whole system descends under gravity down to the ground. 
Plate XVIII which gives a picture of the whole system just before ascent (Fip 1), 
and during descent (Fig. 2 ), helps to explain the action of the balloon. Eef erring to 
these diagrams one can see that, to start with, the weight of the instrument and the 
cage is supported by the disc D which serves to close the mouth M of the balloon. 
The top of the balloon terminates in a long tubular piece T. A string S passes 
through this tubular piece and connects the top of the disc D with a point 0 in the 
balloon tail. Before the balloon is filled with hydrogen the tubular piece is squeezed 
and crumpled along its length to contract as much as possible, and its top-most end 
is tied securely to that part of the string S which is near it. Above the point 0 in 
the balloon tail is attached a fuse F 3 similar to that used with the spores-catcher but 
timed for a longer interval. 

When the fuse F 3 burns the string above 0, the weight of the cage and instru- 
ment is transferred to the top of the balloon by means of the string S. The weight 
of the instrument acting on the tubular piece stretches it, and this in turn acts on the 
string S and pulls the disc D of the balloon mouth which is now ‘ up ’ {vide Fig. 2 , 
Plate XVIII). The process results in an escape of hydrogen, collapse of the balloon 
and downward motion of the whole system. (Fig. 2 , Plate XVIII). As the fuse 
Fj Fg attached to the spores-catcher is timed for a smaller interval than the fuse Fg, 
the former will have worked and the ends of the slide-holder closed before the 
balloon begins to come down. The slide is thus kept protected from dust, etc., when 
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lyiBg on the ground. A little vaseline spread over the flanges at either end of the 
slide-holder completely seals the ends for all practical purposes. 

A notice promising a reward to the man who brings the balloon to the Obser- 
vatory is attached to the cage so as to enable a recovery of the instruments sent up. 
The coming clown of the white balloon with the instrument also helps the recovery 
of the balloon in as much as it helps to attract the attention of the finder. 

The balloons used for the purpose are specially made at the Observatory out of 
Vulpro tissue."^ 

Upper Air Observatory, 

Agra, 6th February, 1931. 






* Vide JNote by the author in Nature, VoL J24, p. 793» 1929. 
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(With Plate XIX ami eleven diagrams.) 

Introductory. 

The fact that large variations in yield of 4F cotton occur from year to year 
is well known and the following table shows in round figures to what extent this 
variation can occur : — 


Table I. 

Yield of 4F cotton per acre given in mminds,^ 













Year 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

At Lyallpur 

4 

6-7 

2 

8-9 

14 

14 

16-17 

5 

10 

... 

At Khanewal 

•• 

•• 

7 | 

12J 

14i 

Ui 

16 


3J 

1-26 seers. 


The Lyallpur figures were obtained by taking the average yield of all the 4F 
plots in comparative varietal test experiments as given in the Annual Eeports of 
the Experimental Farm of the Lyallpur Agricultural Station. 

The water-supply and methods of cultivation on this station are good , and 
considerably above the average of the ordinary zemindar^f Under such circum- 
stances it would ordinarily be expected that annual fluctuations would be consider- 
ably reduced in range. Yet the range is so great as to be remarkable. 

Sir William Himbury [1929 ] has published figures of yield for the British 
Cotton Growing Association estate at Khanewal and these figures (given in Table I) 
also show the wide range of yields obtained. He remarks that ''the cotton yields 
on the farm are generally from 50 per cent, to 100 per cent, higher than average 

yields on zemindari lands in the locality The cultivation and water- 

supply for this estate are good, and there is little variation in them from year to 
year. 

Failure ” Years. 

Within the last ten years there have been no less than 4 "Failure'' years, 
namely 1919, 1921, 1926 and 1928, and two other years in wMch the crop failed 
partially, w., 1920 and 1927. The failures of 1919 and 1921 were investigated by 
Milne [1922, 1924]. In some respects it is unfortunate that these investigations 

* A maund = 82 lbs. ai)prox. 1 seer = }/40th niaund. 
t Peasant farmer. 
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did not start until after the failure liad been established. Tliey contain however 
extremely valuable information, which will be discussed later in its due place. 

The 1926 and 1928 failures came ■within my own experience. Systematic 
records throughout the seasons 1926 to 1929 are available, and the history 'of 
the crop prior to the failure can be traced. 

Symptoins of the Failure. 

The failures are frequently referred to as ''the blight or " the disease^' of 
Pun jab- American cotton. The terms denote those manifestations wMcli .accompany 
the marked reductions in yields in failure/ years, and vdiicli were described by 
Milne [1922, 1924]. These symptoms Avere that, after the IStli September, the 
4P cotton plants shed their flowers and young boils, the first pickings ivere very 
poor and late, the bolls did not ojien projierlv, the lint was trash, the seed 
improperly developed, and, the leaves turned yellow and red and eventually were 
shed. He also mentions in both reports that in July the plants were imder“ 
sized, though in July 1919 the crop looked " fairly well 'h 

Another symptom has now been noticed, which is that many of the young 
bolls at the end of August and beginning of September, when squeezed between the 
finger and thumb, are soft, and easily indented, whereas healthy bolls are almost 
stone hard. The soft bolls if opened, have a pulpy appearance, easily differentiated 
from the appearance of healthy bolls. 

To test the validity of this symptom, a number of hard and so'ft bolls were 
labelled, and the type of opening recorded. This information is given below in 
Table II, and shows that the bolls which were hard at the time of labelling 
produced a much larger percentage of properly opened bolls. The seed weight, 
the lint ^veight per boll, aiid the Jeapas per boll also rise steadily from the soft bolls 
to hard bolls, showing that the hard bolls received more nutrient material than the 
soft bolls. The year 1928 was a failure year ; and there were many more soft 
bolls to be found than hard bolls ; in 1929, when there was little bad opening, 
soft bolls were difficult to find. As the distinction between hard and soft is a 
personal one, and several individual members of my stafl; did the selection, the 1928 
results are not absolutely clear-cut and some of the boils recorded as hard even- 
tually opened badly. The differences, nevertheless, are sufficiently large to show 
that an undue proportion of soft bolls may betaken as an indication of future 
bad opening. 

The underdevelopment of the seed consists in the failure of the contained 
embryo to develop. The stage at which development is arrested varies from the 

* In the “ Teclmological Keports on. Standard Indian Cottons, 1929”, (Tech. Bull. Series A, 
No. 12, l.C.C.C. Tech. Lab. 1929, pp. 50-51), Dr. A. J. Turner shows what variations in the spinning 
capabilities of 4F were found in the cotton seasons 1924-28» 
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stage before the absorption of tbe endosperm, up to a perfect embryo, one 
whici does not ffll the emty of the seed completelr, “ stoyelled ot 

mintled appeamnoe, instead of the noimnl plnmpnoee of the mateo seed. 
Genotally tL test. U folly derelopsd. and has bsoome its normal Waok coloon 
hot in had failures, the blaot testa colour may remain undeveloped m fully 60 

Der cent, of the S66d, ^ . . 

Another and earlier appearance is a mottling of the leaves, givmg a mosaic 
effect and in 1928, the leaves were universally covered with brown angular spots 
and stems and branches had blackish lesions. This gave rise to he suspicion of 
a B. mahaoearum attack, but as these symptoms were not particularly noticeable 
in 1928, and only saprophytic fungi were found on the leaves by the Imperial 
Mycologist in 1926, they cannot he definitely called symptom of the l^sea&e . 
It seems more Hkely now that the plant had already been rendered susceptible to 
disease and in the hot humid conditions of July and August, fungi were able to 
develop freely, and took advantage of insect punctures m tbe leaf to take on a 

parasitic mode of life. , j • 

Another, and what may prove to be an important observation, was made m 
1926 when it was discovered that non-dehiseence of the anthers of the fuUy forrne 
flower was of frequent occurrence, and in the early part of the flowering perio 
was IGO per cent, of the flower opening. This has been reported elsewhere 
rTrouofht 1928]. It has been found that the commencement of anther dehiscence 
varies'from yearto year, being later in 1926 and 1928 than m 1927 and 1929. 
This phenomenon will Tbe referred to later, but it may be mentioned here that the 
failure to develop its pollen grains properly by tbe plant may be related to the 
subsequent failure to develop its seeds properly, and may^ be considered as an 
index of the general health of the plant, and its liability to fail later in tbe season. 

An interesting comparison of the symptoms of tbe failures in the Punjab may 

be made with those recorded by Johnson [1926, 1 ] for Eust,_ Yellow Leaf 
Blight, or Potash Hunger, and for Mosaic disease or Yellow Leaf Blight or Black 
Rust [1926, 2]. Brown [1927] and Ceilings [1926J combine Rust and Black Rust 
with Mosaic disease and Yellow Leaf Blight under one heading. The causes of the 
'' disease ” (or diseases) are given by Brown as - 

1. Lack of humus or vegetable matter in the soil. 

2. Lack of potash. 

3. Improper drainage. 

Brown also remarks, rather significantly, that Continuous cropping to corn 

and cotton without keeping up the supply of organic matter in the soil has put 
many fields in such a condition that cotton rusts badly. Rust also frequently 
develops on only the low lands of a field or only after a period of continued heavy 
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raitt'^ la the liglit of wliafc will appear later these remarks are of considerable 
interest. 

It appears that an unhealty condition of the plant, brought about by soil 
conditions, increases the plant’s susceptibility to '' blight ” in America. The same 
phenomenon also occurs in the Punjab. For example, Dr. Johnstone, quoted by 
Powell [1868] calls attention to the greater Inability of (,desi) cotton on hard 
compact land to aphis attack ; and Milne, in his reports, emphasised the different 
degrees of failure ” to be found in (American) cotton grown on different soil 
types. Soil condition however is not an originating cause of the annual fluctu- 
ations in yield (see next paragraph), though it may be one of the determining 
factors in any particular field between failure and non-failure. 

Possible Causes of Failure. 

It should be particularly noted that in certain years, such as 1924, and 1925, 
the 4F crop was extremely good. This fact alone is sufficient to dispose of the 
popular fallacy that there had been any serious deterioration of type. It is 
impossible to ascribe the failure of 1921 to seed deterioration when 4 years later, 

Table II. 

Observations made on ‘ Soft \ ‘ Medium " and ‘ Hard ’ holh after dehiscence. 



No. of bolls label- 
led 

Well opened bolls 

Mediumly opened 
bolls 

Badly opened 
bolls 

Wt. of seed cotton 
per boll in grams 

Wt, of seed per 
boil in grams 

Wt. of lint per boll 
in grams 

Wt. of 100 seeds 
in grams 

Lint indes 

6 

6 



1 Per cent. 

Per cent. 

Per cent. 






Per 











cent. 

Soft Bolls . 

29 

323 

12-9 

54*8 

1*51 

1*04 

0*46 

6-2 

2*8 

30-6 

Medium Bolls 

35 

65*7 

8*6 

25-7 

1-96 

1*35 

0*61 

6*5 

2*9 

31*1 

Hard Bolls . 

38 

78*9 

13*2 

7*9 

2*49 

1*66 

0*82 

7-6 

3*7 

33*0 


in 1925, the same type gave 16 maunds per acre (see Table I). Furthermore, ex* 
amination of 100 bolls collected at random from a commercial crop of 4F in 1925 
showed that it was of considerable uniformity for a commercial crop. In Egypt 
new varieties were supposed, prior to Balls" era, to ha^e a hfe of only 10 to 15 
years. Balls [1919] pointed out that with adequate precautions a variety can 


c % 


3J4 ISrolAN JOURNAL OF AGEIC0LTUEAL SCIENCE [ I» IH 

be maintained unchanged for any length of time and the history of Domains Sakel 
seedhas borne this out [Anon, 1922]. Kearney [1922] also confirms this m the 
case of Pima Cotton. One of the imdoubted reasons for the uniformity of 4F, after 
it had been in general cultivation for a number of years, is that in many districts 4F 
comprised practically the whole of the American cotton crop of the district and that, 
in this respect, the Punjab was almost a “ One Variety Community It is now a 
commonplace that, although there may be a mixture at the gins of clesi and 
American types resulting in a mixed crop in the field, no natural hybridisation can 
take place between these two types, so that this mixing in the gin could 

not afect the purity of the 4F, so long as 4F was the only American type grown.* ^ 
From an examination of Table I in the introductory paragraph, and hearing in 
mind the high standard of cultivation employed on the two farms mentioned, one 
definite conclusion is permissible, that the general fluctuations in yield cannot be 
ascribed to soil, cultivation or seasonal variations in water-supply. Each of these 
factors will naturally affect the actual yields obtained on any particular plot ; bad 
soil, bad cultivation or bad water-supply will obviously low’er, comparatively, the 
yields per acre, just as an improvement in the general standard of cultivation by the 
ordinary sma ll zemindar would be expected to increase average yields per acre. The 
nrimml fluctuations would not be eliminated thereby, though a profitable, as opposed 
to an unprofitable crop might be obtained, even in bad years.f 

An obvious possibility, accounting for seasonal fluctuations, would be looked 
for in the diflerential incidence from year to year of diseases or pests. This will be 
considered in the next section. Succeeding sections will then deal with the effects 
of different environmental and climatic factors on the crop, and physiological factors, 
such as bud-diedding, non-dehiscence of anthers, boll-competition and root develop- 
ment will be considered in some detail. 

Diseases and Pests. 

So far as fungus and bacterial diseases are concerned there are no records of any 
such disease having caused widespread havoc in the Punjab, sufficient to account for 
a considerable decrease in yield such as may occur with Bacterium mahaoeatvm 
(Black Arm) in the Sudan, some of the boll rots in the West Indies, or the Texas 
Root Rot and Angular Leaf Spot in the U. S. A. . 

* When new types of American cotton are introduced to compete with 4 F, this mixture at the 
gins will^ constitute a serious menace to the purity of the' American crop, ;and unless, measures are 
taken to prevent, mixing,, .and tO' control, seed supply, by a suitable seed distribution scheme, and 
controlled ginning in the early stages, the deterioration of new types will proceed apace. 

f The results obtained in rotation experiments on the Lyalipur Agricultural Station the 

Aimual Reports of the Department of Agriculture, Punjab, in recent years) show that it is possible, 
conditions of in teiisive fanning, to obtain paying yields of cotton in bad years. 
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1'itli insect pests, tie case is different. 

Ill 1868 Baden H. Powell [1868] gave a brief account, quoting from Dr. John- 
stone, of the diseases and pests of cotton in the Punjab. Although there was 
American cotton in cultivation at this time, it must be assumed that the bulk of the 
crop was of the desi type. 

The one which is of most interest at the present day is the one he caEs 
'' Thela so called because of the oily exudation on the leaves. Although the 
description of the parasite si>s '' Aphis lanigera'' is very circumstantial, it seems 
possible that here we have the first record of the ''White fly"^ {Beimsia gossypi- 

da, Misra and Lamba). Mr. Afzal Husain,' Entomologist to Government, Punjab, 
to whom this question was referred thinks it possible that the blight might have been 
due to " Jassid ” attack. , , 

The present most serious pests are the Spotted Boll Worm, the Pink Boll Worm, 
the White Fly and the Jassid. It is clear that the uneven incidence of insect attack 
might account for considerable variations in outturn. For example, the year 1906 
was a bad " boll-worm year "" [Lefroy, 1909]. Lefroy here reports that the cotton 
was also attacked by " Cotton aphis (/e/a) He visited the affected area early in 
November, 1905, and ascribed the failure to Earim boll-worm, which were present in 
enormous numbers. He says the cotton had been " weakened by want of rain and 
by the ravages of Aphis Here there is the opinion implied that a weakened plant 
is more liable to insect attack (vide infra). Lefroy says that actual aphids were seen 
in November, otherwise it might have been suggested that the reported aphis attack 
was actually White Fly. Before the present spread of knowledge about the White 
Fly, the Aphis and White Fly were undoubtedly confused by untrained observers, 
and many records of Aphis attack referred to the White Fly. The year 1911 was 
also a boll-worm year [Milne, 1922], and in 1913 Jassids did considerable damage to 
smooth-leaved American types. The general cultivation of hairy-leaved types has, 
however, done much to decrease the likelihood of damage from Jassids. On the 
other hand, in 1919 and 1921 failures, Milne (fee. eit) reports that Earim boE-worm 
did not cause the failure, and that there was no other insect or fungal disease to 
which the failure could be attributed, 

Eeeen tly the beEef has been gaining ground that an insect epidemic on a crop 
is, in the first place, due to a weakness of the plant, which may have been brought 
about by poor culti nation, inadequate manuring, poor water-supply or an exception- 
aEy stringent set of environmental conditions. 

Howard [1921, 1924], Andrews t [1923], Lees [1926], Miimford [1926], Turner 
[1929] and Davidson and Henson [1929] are among the authors who have pointed 

t 1 indebted to Captain 'Prideaux, Oat Hay Eami, Okara, for a very full extract of this paper, 
wMcb I have not seen myself in original. T, T. 
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out that the incidence of insect attack may depend on the internal condition of the 
plant, which itself depends very largely on the physiological response of the crop 
to its environment. The insects particularly referred to are suctorial insects which 
feed on the leaf or stem sap* Naturally an insect attack such as is caused by a 
flight of locusts, which does not depend on the condition of the plant, though it may 
be equally destructive, cannot be considered in this connection. We have however 
already seen that, in the Punjab, poor cultivation and insufficient water are not the 
primary factors influencing yield variations. If insect attacks however should be the 
main cause of variations in yield then on the theory enunciated above, we should he 
thrown back on the climatic or environmental conditions which induce in ike plant 
such a condition as to enable an insect attack to become devastating. Mumford s 
paper [1926] is of very considerable interest in this connection, as it deals with pests 
of the cotton plant. 

A study of those conditions which effect the plant itself would thus be necessary 
before any primary control measures for the pest could be suggested. 

A theory has been advanced by Mr. Roger Thomas [Roberts, 1929] that 
White Fly is the sole cause of those decreased yields of cotton, which in 1919, 1921, 
1926 and 1928 and to a less degree in 1927, were of such magnitude as to cause a 
very serious, if not crippling, loss to cotton growers, and an equally serious loss to 
the Punjab Government on account of the consequent loss of revenue by remissions. 

It is during July and August that the attack of White Fly (and also Jassid) is 
liable to be serious, and it is certain that in some years White Fly can develop into a 
major pest. 

Provided the plant is susceptible— and it will be shown in the review of the 
effects of climate on the plant that there are many causes w^hich may induce such a 
condition in the plant — the warm humidity of these months combined with ample 
food supply, would appear to be favourable to the rapid multiplication of the pest. 

The reason why these insects are not equally destructive from season to season 
seems clear from the botanical point of view, namely, that in one season owing to 
less unfavourable conditions during the early part of the season the plant is less 
adapted to act as a host plant, than in another. Andrews [ 1923 ] observed that the 
Tea Mosquito Bug appeared to find tea bushes, to which certain manurial consti- 
tuents had been applied, definitely distasteful. A somewhat sinodlar reaction has 
been reported by Davidson and Henson [ 1929 ] on the increased wandering propen- 
sity shown by the Bean Aphis on plants which had been dosed with Epsom salts. 
If the White Fly do not find the cotton plants to their liking, it may be confidently 
assumed, tiir experimental evidence to the contrary is produced, that their life- 
histories and reproduction on the cotton plant will be interfered with. The reaction 
to this state of affairs perhaps may be to render the White Fly more palatable to its 
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own predatory enemies (such as ladybird larvse, etc.)? with a further cumuIatiTe de- 
pressant effect on the White Fly ; the '' balance of nature "" referred to frequently 
in entomological publications, depends here on the chemical composition of the cot- 
ton leaf sap. That the composition of leaf sap is a variable factor under different soil 
conditions, at different times in the season, and even at different times of the day has 
been shown by many workers, [Combes and Echevin, 1926], [ Maskell, 1927 ], 
[ Thomas, 1927 ], [ Johnston and Dore, 1928 ], [ Turner, 1929 ], [ Wallace, 1928-29 ], 
etc. 

Apart, however, from the condition of the plant, and from such biological control 
as may occur, rainfall is also considered to be an important factor in keeping the 
ravages of White Fly in check. Showers of rain undoubtedly would have a bene- 
ficial effect in destroying the fly, as well as in assisting the plant to resist attack. 
In August 1929, from the 20th to 28th there were a number of sharp showers, and 
afterwards, at Lyallpur, the attack of White Fly, which was serious prior to these 
rains, became negligible. It seems that short sharp showers at frequent intervals are 
likely to have a more destructive effect than heavier rains at longer intervals, 
Lefroy [ 1909 ] commenting on the beneficial effect of rainfall, thinks, however, that 
other causes and not rainfall may determine the decrease in attack which is generally 
noticed after a shower. 

The effect of innumerable suctorial insects on the leaves, removing the plant 
sap, need not be stressed. The reduction in translocatorj food material must react 
unfavourably on the growth of roots, shoots and reproductive organs. Further, the 
punctures caused by the insect may permit of the entrance and growth of the fungus 
Ehizopus fiigricans, which has been shown by Briton- Jones [ 1923 ] to be a potential 
parasite on cotton bolls in Egypt, and which is very frequently associated with a 
serious attack of White Fly ; also the honeydew excreted by the insects may block 
the stomata, and interfere with assimilation. 

It will be seen that White Fly can be an extremely serious pest, as it aggravates 
all the evils of malnutrition from which the plant is liable to suffer, and in the 
event of a severe or prolonged attack may destroy the crop."^ 

* Postscript :—M. Afzai Husain, in “ A Preliminary Note on the White My of Cottons in the 
Punjab” [1930] has examined this question of White Fly attack from the entomological standpoint. 
He considers the White Fly as a serious pest of cottons, but says under reservation * ** it is highly 
doubtful if it is the main cause of the widespread failure of the cotton crop”. He thinks the White 
Fly lowers the vitality of the plant, but does not refer to those views quoted above that a lowered 

vitality in the plant may account, in the first place, for an increased incidence of attack by the pest. 
His evidence that the White Fly reduces yield through non-formation and dropping of bolls is interest- 
ingas lending supportto the suggestion on pageSSO that a While Fly attack might save the crop, 
through the reduction of boll competition. 
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Review of Climatic and Physiological Factors. 

It is a. difficult matter to attempt to separate the effects of the different factors 
of a climatic complex, as each factor interacts with other factors. The climate 
during the cotton season from May to October can however be divided roughly into 
three seasons— 

(a) the very hot and dry months of May and June, 

(b) the hot and damp months of July and August, and 

(c) the warm, but with cooler nights, and generally damp climate of Septem- 

ber and October. 

As a ‘ failure ’ is established by the time of boll opening in October these three 
periods only will be considered. These periods also agree in the main with three 
periods of the crop ’s development, namely : — 

(1) the early stage, 

(2) the stage of rapid vegetative growth, and flower-bud development, and 

(3) the stage of flowering and boll development. 

As far as may be, therefore, the different climatic factors concerned will be 
reviewed in relation to these three stages of the crop, but in addition it has been 
found more convenient to include details of the physiological reactions of the plant 
under the appropriate sections, thereby obtaining a clearer picture of the plant's 
relationship to its environment. 

In dealing however with such a variable as climate no such examination can 
be completely exhaustive, nor has it been found possible to use any one particular 
factor or combination of factors as a definite index of the plant’s development. 

(1) The Early Stages of the Crop’s Development. 

The general sowing date of the 4F American Cotton crop may be taken as from 
the beginning to the middle of May. The recent tendency to later sowing has not 
yet become general but will be referred to. 

(<») A^r Tenyperatnre, 

The maximum air temperatures during May and June are high. A comparison 
has been made [ Trought, 1931] of the maximum air temperatures at Lahore'^ with 
temperatures as given by C. B. Williams for other cotton growing couiitries at the 
time of sowing, and during the early development of the crop. The comparison is 

Lahore temperatures were taken as they have been published by the Meteorological Department 
of the Goyeminent of India. They may be considered as intermediate between the somewhat higher 
temperatures of the irrigated areas of the S. W. Punjab, and the rather lower temperatures of 
Lyallpur. 
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sufficient to show the abnormally high temperatures which prevail The elect of 
such temperatures on germination and early development must be considerable, 
more particularly in their relation to other factors. The internal temperatures 
of the leaves follow closely the temperature of the surrounding air"^, and as the 
formation of carbohydrates falls away rapidly after a temperature of 38°C. is 
reached, there is a consequent reduction from the optimum rate of assimilation. 

Evaporation from the surface of the soil increases with rise in temperature, and 
transpiration from the leaves— even if there were no corresponding reduction in 
relative humidity correlated with increased temperature— becomes abnormally rapid 
at these high temperatures. 

{b) Relative Humidity, 


Relative humidity during May and June is low, and augments also the com- 
parative rapidity of evaporation from the soil and transpiration from the leaves. 
The more rapid transpiration lessens leaf turgidity, and leaves actually become 
flaccid during the middle of the day. Stomata! closure consequent on this water 
loss is hastened, with a consequent reduction in assimilation. The small size of 
the plants means that little or no check is exercised on soil evaporation by shading 
or interference with air movement, and the upper layers of the soil, wffiich at this 
early stage of the plants' growth contain a majority of the roots, suffer severely 
from desiccation. [ Soil moisture determinations show that during this period there 
is a much more rapid loss from the first foot of soil than from low^er depths, and the 
root-washing experiments show that in a bad year such as 1928, the roots had not 
penetrated more than one foot (30 cms.) at 7 weeks old.] 

Growth in length has been shown to depend to a very considerable extent on 
the residual availability to the plant of soil moisture, after the demands of trans- 
piration have been satisfied. The average heights recorded in beds receiving 
different types of watering in 1928 are as under : — 

Watered on 


Height on 5tli 
Juno 1928 

22nd May, 12th June, 3rd July . . 

29th May, 26th June , . . . VT 

5th June, 10th July . - . . 1'4'' 

There was 3’0'' rain on 24th July. 


Height on 2nd 
August 1928 

3'5'' 

3 ' 3 '' 


The figures show that the delay in watering of a week or a fortnight in the early 
stages has an effect on growth in height, and that the effect may be continued into 
August, but it is interesting to note that the plant was able to recover where water- 
ing was only delayed a week. 


This has been shown to be true by several authors for plants other than cotton ; and unpublished 
figures for cotton obtained by Rai Sahib Jai Chand Luthra, Associate Professor of Botany, Lyailpur, 
confirm this fact for cotton. . . 
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The combination of high maximnm air temperatures and low atmospheric 
humidities during the early stages would naturaHy be expected to be _ detrimental to 
the crop’s development when they occur. Milne, for example, records that in 1919 
the season was very hot and dry tiU July 20th, and in 1921 also the early part o 
the season was excessively hot and dry, and that there was little ram the previous 

winter, giving the probabdity of insufficient soil moisture being stored in the soil. 
In 1925, a good year, maximum air temperatures were relatively low, and humidities 
high. On the other hand, in 1926, a bad year, temperatures were abnormaUy low 
until nearly the end of June, and humidities higher than would be expected for May, 

though June was dry. , -i 

Extremes of temperature and humidity during these months, cannot be said, 

therefore, to be the sole cause of failure. 


[c) Soil Tempercdurea . 

Camp and Walker’s [1927] work with cotton seedlings shows that when the soil 
is maintained at a higher temperature than about 34“C., germmation is somewhat 
delayed, and early growth reduced. Even allowing for the temporary lowering of 
soil temperature, due to the irrigation prior to sowing, an examination of the 
diagram (Eiag. II) shows that in May the maximum soil temperatures at 
5 cms. depth in the cotton field are much above the optimum temperature found 
by these workers ; and though these maximum temperatures are not maintained 
throughout the 24 hours, it seems they must exercise an unfavourable effect, giving 
the plant a bad start from the beginning. \ ... 

Anadditional effect of high soil temperature influencing assimilation, and 
reducing it from its optimum, may be found in the partial sterilization of the upper 
layers of the soil during these months. Diag. II shows the weekly average maxima 
of soil temperatures at 5 cms. depth. The suppression so induced of bacteriological 
and also protozoan activity results in a lessened evolution of COs foom the soil. 
This is also aggravated by the usually low humus content of Punjab soils. An 
increase of CO, content in the crop’s atmosphere would result in increased photo- 

synthesis. Spoehr [1926] referring to experiments by Leather, Lnndegardh, etc., 
says that “ it is apparent that the production of carbon dioxide by the soil may 
exert a decided influence on the development of plants”. 


(d) Insolation. 

May and June are months when the sim’s effect is very powerful. Priestley 
[1929] calls attention to the destructive effect of strong light on chlorophyll and to 
the loss of chlorophyll which occurs when light is too strong or too long continued. 
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He also refers to the effect of sugar accumulation in the leaf in retarding photosjm- 
thetic activity. Brenchley [1920], working with peas, expresses the opinion that 
beyond a certain limit, the beneficial factors of heat and bright simshine become 
harmful and result in the premature death of the plant. The degree of chlorophyll 
concentration in the leaf affects the rate of growth [compare the results of Sprague 
and Shive (1929) with maize]. From year to year, as shown in Diagram III, there 
are quite considerable differences in the hours of sunshine, and it is legitimate to 
assume therefore that any harmful effect of excessive insolation would also vary 
from year to year and may have a definitely deleterious result on the plant’s 
development. It is interesting to note in Diagram III that during May 1928 (a 
failure year) the hours of sunshine reached a very high level. 

The work of Schertz [1929] however is also of interest in this connection. He 
shows that the chlorophyll content of cotton leaves can vary within fairly wide limits 
without any apparent direct effect on final yield ; and that though in general, highest 
yields of cotton are obtained through nitrogen manuring, which results in higher 
chlorophyll content of the leaf, this does not obtain in the case of potatoes, where 
high nitrogen manuring resulted in high chlorophyll content of the leaf but a 
decreased yield of tubers. The difference in the behaviour of the two crops would 
account for this, but his results support the suggestion that with cotton at least a 
diminution in chlorophyll content of the leaf is harmful. 

(e) Dust-storms. 

The depressant effect of dust-storms on growth has been recorded elsewhere 
[Trought, 1931]. The great majority of dust-storms occur during May and June, 
so the figures may be conveniently considered here. 

The records show that from May to October in 1919, 1921, 1926 and 1928 there 
were 32, 42, 33 and 40 dust-storms, while in 1924, 1926, 1927 and 1929 there were 
22, 28, 29 and 37 dust-storms*. (In totalling these figures a day on which a dust- 
haze was recorded was arbitrarily considered as “ half a dust-storm ”.) 

It must not be forgotten that dust-storms are generally very local phenomena, 
and though it may be that general conditions which give rise to frequent dust-storms 
are adverse to the, cotton crop’s growth, undue weight should not be given to these 
figures. 

(2) The Period of Vegetative Growth and Flower Bud Formation. 

In July and August the conditions are obviously favourable for vegetative 
growth. When shoot growth is rapid, root growth, provided equally favourable 

20 of these dust-storms were recorded as 40 dust-hazes. My meteorological observer however 
only recorded twelve dust-storms in this year, as against seventeen recorded by the official meteorological 
observer. In the recording of dust-storms and dust-hazes there is obviously no exact criterion which 
can be taken to distinguish them. 
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conditions prevail for root growth, should be equally rapid. Bi-t it will be shown 
that conditions may occur during this period which are unfavourable for root growth. 
There may also be competition bet^veen shoot and root for nutrient material, and 
the division between the root and shoot of the limited material available may not 
be evenly balanced. There may be a differential partition in favour of the shoot. 
If shoot growdh is too rapid, this may definitely restrict root growth, as noted by 
Lees [1926] in the case of apple and straw^berry. 

Shoot growth practically ceases at the end of August, and this cessation can be 
correlated with the development of the bolls. There is undoubtedly a movement of 
nutrients to the bolls rather than to the growing points of the shoot at this stage. 

The rise of the flow^ering curve starts from the 16th to 20th August * records in 
1928 show a S3 day period, and in 1929 a 36 day period for the maturation of the 
bud to the flower. Mower-hud production may thus be considered as commencing 
from the middle of July. 

(a) Air Tempendtire. 

The air temperatures are still high at the beginning of July, but fall rapidly. 
An examination of the curves leads to the conclusion that during this stage air 
temperatures are unlikely to he of such a ma.gnitude as to cause unfavourable 
reactions in the plant. The range of temperatures from one season to another is not 
great ; and there is no suggestion that in any particular year tempera, tures are likely 
to exert any definite depressant effect on plant giwth. 

ij)) Humidity, 

With the approach of the monsoon, the general atmospheric humidity of the 
Punjab increases. This effect does not appear to depend on the actual rainfall 
recorded at any particular place, as is shown by the comparison in Table IV of the 
8-0 A. M. luimidities at Dera Ismail Khan, Lyallpur and Lahore for June, July and 
August. The isohyetal lines given by Milne [1922] sho^v that these places have a 
normal of W and 20" of rainfall, respectively. The figures in the table show no 
definite relation between the atmospheric humidity and normal rainfall at these 
places, but do show that there is from the beginning of June a definite and general 
increased humidity over a large area, which is the result of what is known as 'V the 
extension of the monsoon The humidities at Lyallpur for the four years 192649 
(Diagram IV) show clearly that the general trend of atmospheric humidity is a 
rising one from mid- June, and this is confirmed by the evaporation data 
(Diagram V).' 
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{c)' Rxdnf all mid Waterlogging, 

: 111 the earlier stage of growth rains occur,, but at infrequent intervals, and are 
followed by an increased rate of elongation. During this second stage, of growth, 
there is the general expectation of rain at more frequent intervals, and it, is not 
invariable that rainfall should be followed, by an increased growth rate. The 
growth curves show that during July and iViigust there are checks to groivtli quite 
frequently, and that these checks can at times be attributed to that type of physio- 
logical drought which is caused, by over-watering, xi good example was seen in 
** 1926 when over 3 inches of rain on successive days (13tli and 14th July) was fol- 

lowed by a rapid drop in growth [Trought, 1931]. 

Cannon [ 1925 ] also found that flooding decreased greatly the rate of growth of 
the main root of cotton. This flooding effect Avould be made more serious by the 
fact that in the Punjab the soil type is generally alluvial, and the soil is liable to 
become puddled and sodden wdth the sharp heavy showers which characterise the 
rainfall when it does come. The upper surface"^ of the soil after one of these 
showers is almost impermeable to water, and in consequence the water stands on 
the soil surface, until the combined efforts of evaporation and what slight percola- 
tion there may be, remove it. The effect of evaporation is, at this time, decreased 
^ owing to the larger size of the plants and their shading effect on the soil, and in 

consequence the waterlogging effect may be prolonged sufficiently to be harmful. 

The preliminary work of Singh [ 1922 ] is of interest here. He showed that when 
wheat, growing in pots in heavy soil, was watered from above, there was a marked 
decrease in the dry weight of the roots produced as compared with the dry weight 
of the roots of plants grown in the same soil, but watered from below. 

Table VII includes data obtained from root w^asliing experiments with cotton 
done in 1929 at Ly allpur, and which show that after shoot growth is finished there 
is a development of root growth. 

In 1928 however the records on root development showed that after August, 
root growth not only failed to make any headway, but actually there was a dying 
? off of the deeper roots. This '' root destruction '' was due to abnormally heavy falls 

of rain in the last days of August and on 1st September wdiich caused widespread 
floods and serious water-logging of the soil, with consequent ill effects on root deve- 
lopment. This is a somewhat extreme and unusual case, but from it, it will readily 
be realised that rainfall during the course of the growth of the plant can affect root 

as it may cause water-logging, reducing the soil 

=5?: tMs formation of an impemeable layer is seen repeatedly during the summer on fallow knd 
wMcli has not received any cultivation. The depth of penetration is limited to the surface skin. A I 

similar phenomenon is seen in the thick dust on the roads in summer, the rain does not penetrate 
heyond the surface layer of dust, which then dries out into a crust. 
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totatloa,' with, a oonsetiueiit redaction ia root ahsorptioa, and a lessened supply of 
nutrients to the plant. 

The soil conditions caused by flooding and heavy showers will also affect to 
some extent the development of bacteria, with a decreased supply of available 
nitrogen for the plant. 


(d) Bud-formaiion and Bud-shedding, 

It is at this stage, when buds are being formed and developing that according 
to Kudrin [ 1929 ] the cotton plant requires most mineral nutrients. On the other 
hand, Fraps [ 1919 ] shows that the final yield of cotton is not in direct proportion 
to the amount of mineral salts taken up by the plant from the soil. But any inter- 
ference at this stage with normal absorption of nutrient would naturally be detri- 
mental to the plant and render its internal condition more susceptible to insect 
attack, or less resistant to later unfavourable conditions. 

One method by which the plant attempts to adjust itself to the conditions is by 
the shedding of buds. Bud-shedding is heavy during July and August. At the 
same time bud-production is rapid, and from the middle of July an increasing 
number of buds are destined to complete their development and open into flowers. 
This development of the flowers requires, according to Kudrin, an increased supply 
of nitrogen and ash constituents, and results in a migration of these constituents 
from the vegetative to the generative organs. From the middle of July (when bud- 
formation attains importance), there is thus an increased drain on the available food 
supply. 

Eecords made in another connection are also of interest. Table V gives the 
results of observations made on the maturation of the developing bud to the flower- 
ing stage. A number of buds were labelled weekly at the stage when they were just 
visible at the growing point. The number of buds which were shed was recorded 
and the dates of flower-opening of the remaining buds noted. From the table, it 
will be seen that there were very considerable differences in the percentages of buds 
which matured from week to week. In 1928 there was complete shedding as late as 
the 13th August with the variety 289F, whereas in 1929 over a third of the buds 
labelled on the 26th of July matured. With the 4F variety this difference is not 
so striking, but in 1928 4F opened badly, whereas in 1929 it opened well. The 289F 
in both years opened well. This difference in boll-opening can be accounted for by 
the difference in behaviour shown by the two varieties in the two years. In the 
289F in 1928, owing to bud-shedding, the plant relieved itseK of the strain of flower 
and boll-production until more favourable conditions supervened, with the result 
that the opening when it did come was satisfactory. 4F on the other hand 
produced flowers from the more early developed buds which, due, to non-dehiscence 
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of their anthers (see next section), were all shed. It thereby wasted its eSort and 
Was unable to produce properly opened bolls from those flowers which set bolls 
later, after anther dehiscence had occurred. In 1929 on the other hand, anther 
dehiscence occurred earlier so that the earlier produced flowers were able to set 
their bolls, the plant then decreased bud-formation and increased its bud-shedding, so 
decreasing the competition for nutrient to the developing boll, with the consequence 
that better boU-development was attained. 

A siToilar phenomenon is seen in the MolEsoni* records for the two years. It is 
obvious that during July and early August in 1928, the conditions were much more 
unfavourable for Mollisoni than in 1929. The 1929 records for MoUisoni compared 
with those for 4E and 2891? of same*year give the presumption that Mollisoni, as 
would be expected, is a hardier cotton than the two American varieties. The 
figures for the Early Strain in 1929 when compared with Mollisoni are interesting 
in this connection owing to their similarity. The plants of the Early Strain were 
on the whole very wide-spaced and were therefore more capable of supplying sufficient 
nutrients for boU-development. Apart from this, it is also believed that the Early 
Strain is more resistant than 4F to unfavourable climatic condifons. This strain 
however also shows an increased bud-shedding which occurs as a consequence of the 
setting of fruit from the earlier opened flowers. 

Another interesting fact brought out by this table is that during July for both 
289E and 4E the maturation from bud to flower shows in both years an increased 
period as compared with that for the later formed buds. The hardier Mollisoni does 
not show this nor does the wide-spaced Early Strain. A deduction from this, that 
the two American types found more difficulty in providing the developing flower 
buds with the necessary mineral constituents and that thus the development period 
was lengthened, appears to be justified. 

(e) Non-dehiscence cf anthers. 

A consequence of the inhibited development of the plant can be seen in the non- 
dehiscence of anthers. This phenomenon has been described earlier [Trought, 
1928]. The pollen grains remain undeveloped, and no fertilisation of the flower 
which is otherwise fully formed, takes place. The flowers all shed within two or 
three days, and a stimulus is thus given to the plant to produce more flower buds, as 
proved experimentally by Ewing [1918] and Eaton [1927]. There is a resultant 
waste of nutrient material, for instead of nutrient material being used for the devel- 
opment of boUs, it is used for a further production of flower buds. 

It has been found that the percentage dehiscence of anthers increases towards 
the end of August, but that it varies from season to season, also that full dehiscence 


* Q. indicum var. MoUkoni of Gammie. 
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was attaiiiediater in those seasons which eventually proved to be bad, such as 1926 
and 1928, than in those in which boll-opening was good such as 1929, and was inter- 
mediate ill 1927, a medium, year. It is suggested that a prolongation of unfavour- 
able factors shows itself first in a prolongation of the period of non-dehiscence and 
iatei in improperly developed seed and bolls. As shown by Milne [1922, 1924] 
there are quite considerable variations from field to field in the severity of the 
'^disease''. It is found that anther dehiscence also varies in intensity according 
to locality or variety, a condition which would be expected if the differences can be 
attributed to local variations of food supply and soil conditions ; but it is also found, 
that though local differences in amplitude occur, the general major fluctuations of 
the percentage dehiscence curves run together. This condition would be expected if 
these major fluctuations w^ere determined by more generally operative factors. So 
far it has not been found possible to correlate in any way the major or minor fluc- 
tuations with any one climatic factor. It was thought, for example, that non-dehis- 


(3) The Stage of Flowering and Boll-development. 

This stage in the crop's development comprises the months of September and 
October. During September flowering reaches its maximum, boll setting occurs, 
and in normal years the bolls begin to open about the middle of October. Growth 
in height ceases with the rise of the flowering curve, and flowering in its turn ceases 
with the opening of the bolls ( Diags. VI and VII). It is at this time the plant 
is supposed to make the greatest demands for water. McClelland [1918] for example 
gives the blooming and fruiting time as the time when the cotton plant uses most 
water. 

Milne also in his reports [1922, 1924] has considered carefully the conditions 
prevailing during this period. He concludes that the cause of the failures in both 
1919 and 1921 was due to an insufficient supply of moisture in the soil during Sept- 
ember and October at a time when the plants are producing the greater part of their 
flowers and fruits, ix,, when there is the greatest demand made by the plant for 
water. 

The climatic factors in operation during this stage are much less severe than 
during either of the earlier stages. The plant is well-grown, and from that cause 
alone, due to the shading of the soil, the shading of the majority of the leaves from 
direct insolation and the checking of air movement within the crop, it is better able 
to cope with any environmental severity which may occiir» 
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Climatic factors will be dealt witb therefore more briefly, and as a whole. In 
general September and October would be described as » good growing weather 

[a) ClimaMef acton iurmg the third stage of development. 

Diagrams I and \’III give the records of air-shade temperature. These show 
variations from year to year during September, around a mean of approximate y 
98°F., falling away at the end of October. In 1919, the temperatures were com- 
paratively high, and in 1 926 comparatively low. In 1925, the early part of 
her was hotter than usual, and in 1929 temperatures were medium. It is difficult to 
connect, therefore, the subsequent failures of 1919 and 1926, or the subsequen 
good opening of 1925 and 1929 with temperature during this period.^ 

It is difficult, similarly, to find any connection with the humidities which occur, 
and the subsequent condition of the crop. Diagram V, giving evaporation mtUn 
the crop shows quite clearly that the ' crop atmosphere ’ is maintained at a very 
uniform level of humidity during September and Octobw. The evaporation m L - 1 
and 1929 was very similar while the lowest evaporation is recorded for 19^. (a 
failure year). Insolation is uniformly high and there are few dust-storms.^ 

The records at Lyallpur show that rainfall is unimportant in its effect on the 
CTop-for example in 1929 little more than an inch of rain fellm September and 
October, while nearly 3 inches fell in the same two months in 1926. In some locali- 
ties other than 1 yaUpur, in the American cotton-growing area, no ram would be 
expected. The variations in rainfall at different localities in different years can there- 
fore have little, if any, relation to a general failure, though a timely rain, or-equally 
—an untimely or excessive rain, may cause a local variation in the degree of fai me. 

Balls [1913] calculated that in Egypt the greatest loss from transpiration was 
during July, when flowering and boll-setting are in progress. July corresponds, as 
regards the Egyptian crop with mid-August to mid-September in the Punjab Com- 
paring the Egyptian crop with the Punjab American crop, Balls conclusion tha,t the 
Egyptian crop transpires much more water than is put on in iiiigation is a so o 
interest. It gives rise to the speculation as to whether the 4P crop is, mpia^we, 
ever able to receive as much water as it requires. Watermg experiments at LyaU- 

purshow that an increase in the amount of water applied increases the ^eld, an 

in 1928 an abnormaUy high correlation coefficient (-p-98) was obtamed, wlnle m 1929 
the correlation coefficient was + ‘90. These watering experiments were, on a large 
scale. Ten repetitions of each type of watering were employed, and the amount of 
water put on to each plot at each irrigation was measured by means of a Cipoletti 

weir, and the readings reduced to inches of water per acre. Watenngs were at three- 
weekly, four-weekly and five-weekly intervals after sowing, and different variations 
were introduced by shortening or lengthening the interval between waterings injhe 





September 
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later part of the season. Comparisons were also made 

weekly intervals where cotton was sown on the flat and on ^ . 

ridge. Atypical zemiwdan watering was introduced as a standard.^ I g g 

waterings during the rainy season arbitrary allowances had to be ^ ^ 

The difierences in rainfall do not permit of the experiments being absolutely inform 

from season to season, and are one of the difficulties of irrigation experiments with 

cottOfn at LyaUpm^itio^ to comparing ‘ ridged ’ versvs ‘ flat a series of beds mth 
shoot pruning was also tried. The yields of Upas per acre in this year were smal 

howevL, probably due to poor soil, and it is doubtful whether the resits ^e o 

much value. ThI standard error was 30 per cent, of the mean, and 
variation 42 per cent. In 1928 and 1 ^ 29 , the standard errors were 13 2 per ce^^^ 
and 7-2 per cent, of the mean, respectively, and the coefficients of variation 26 8 and 
21-3 respectively. These results are therefore much more reliable. 

(b) Soil Moisture. 

Soil moisture determinations were done in conjunction with these watering ex- 
periments by the Agricultural Chemist to Government, Punjab, m 1928 and 1929. 
In both years they show that there was a rapid loss of water from the soil during 
September. The figures given in Table VI have been calculated from, the percentage 
moisture determinations. The figures for loss per day m the final column show 
some disparity from the average figure of approximately 21 tons per _ day due to 
transpiration alone given by Balls and Holton [1915]. The disparity is accounted 
for by the fact that 4P is a much hairier cotton than the Egyptian plant, an ^ so 
presumably transpires less ; and also during the season when the plant has obtained 
its fuU size, and actual water loss through the plant is at its maximum, the atmos- 
pheric humidity is, on the average, probably higher in the Punjab than in *gyF> 
thereby further reducing the loss by transpiration. The normal relative h^chty 
given for Giza,* is given as “ Mean of Day ”, whereas the 8-0 a.m. relative 
ties only are available for the Punjab, so no comparative figures are available, ihe 
above is a personal opinion based on residence i n both localities.f 

» Climatological Nomak for Egypt Md the Sudan, etc., Government Pres^ ^ 

i" Th© followinff fisuiBS liav6 becoiii© avstilabl©, wiLicii as far as t]i©y go zi y ' ^ 

From the point of view of the crop’s development, June, July and August m Egypt compar app 

ixT- T-.Tf— A of. T.-rrallnm*. 


at Giza (mean of day). 

1929 Eelative humidity 32 
at Lyallpur (Mean of 
: day). 


June 

July 

August 

66 per cent. 

37 

61 per cent. 

63 

67 per cent. 

'76-6 „ 


7B per cent. 
72-5 
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(o) Flowering Gimes. 

It will be noted tbat from year to year there are rather remarkable differences 
in the flowering curves (Diag. VI). When these differences are considered together 
with the differences in time of anther dehiscence from year to year, it is clear that 
each year the plant makes a different demand on the root-system for flower and boll 
production. The dates of anther dehiscence are shown on the diagram. In 1926^ 
for example, there is an early rise of flowering with late anther dehiscence and as 
shown in the curve this is followed by a second rapid rise of flowering. This is the 
consequence of the. stimulus to increased flower production .given by early and 
complete flower shedding. In 1929, where anther dehiscence, was earlier, the flower- 
ing curve rises much more gently, and, there is actually a considerably less total 
number of flowers produced than in 1926, which was a iailuie year. In 1928 at the 
time of anther dehiscence flowering had reached about one^ flower per plant per day. 
The early shedding of flowers in this year is reflected in the flowering curve later, 
and again a greater total of flowers are produced than in 1929. This variation in 
the number of flowers produced means also variation in the number of bolls which 
are developed. In different years there is a variation in the competition between 
boll and boll for available nutrients. 

(d) Boll-Shedding. 

This competition must play an important part in the final development of each 
individual boll. It has been found that a boll over 10 days old is very much less 
liable to shed than bolls which are less than 10 days old. - This agrees with 
Egyptian experience where it is found that practically all the bolls were shed between 
the ages of 2' and 8 days [Bailey and Trought, 1927], If, then, as in, 1928, there is 
a rapid rate of flower production reached before boll setting commences, it means 
that actual boll setting when it , does start is greater than would be normally 
expected. These bolls aU being young bolls do not make as big a demand on a^ 
root-system as when they become older, and it thus happens that the shedding 
due to competition is reduced. However, when the bolls do become older they have 
reached that stage when 'their shedding is difficult' or no .longer' possible and 
competition for nutrients becomes acute. As it is too late at this stage to relieve ' 
the strain entirely, bad opening occurs , later. : Wlien the^ boll-setting occurs more ■ 
gradually, the plant' has a better opportunity of , shedding the . later formed bolls, 
which are still in the young stage. ' ' 

The '^^catchnet'^ shedding' records for the three years 1927,' 1928 and 1929 . 
provide some evidence in favour of these suggestions. In 1927 and 1928 when the 
plant' was trying to restore normal conditions of nutrient supply bud and boU-shedd- 
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increased appreciably duricg S.^mber In 

production and early boll-settmg, tlie competitioi c , was mucli less 

increase in boUor bud-sbedding in September and tbe^o^ 

than in either of the previous two years. The gures ^ ^ 

percentage distribution of shed bolls between 1928, 

also shown the percentage of flowers which produced bolls an th y ^ . 

and 1929. These flgures show the ^ 

1928, when the competition was more severe, as ]i . g y _ ^ 

a much larger proportion of over 10 days old was shed than in 192 J in ^ ^ 

fewer flower. w.r. produced, the competition wa. not » «r!’ 

greater proportion of the total flowers wlilcb opened, matnicd in - • 

^ AnLLed boll-worm .tt«,k might have acconnted for the ^ater hoMredd^ 

iiijo* of older bolls in 1928, but such increase as was recorded w ? 

.Tt 00 ™* “ tneidembl. d«orcnc» in .hedding. It is cleariy 

that a severe boll-wonn attack following conditions leading to «o S'*** 

between hoPs.mi^t be able to cans, snflicient shedding to allow proper develop 

ment of the remaining hoUs.* 

{e) Competition for mjtrients. 

Be«wc»S»J and W!.-At tins stag, also, when “f '“5 

the developing holl also has to compete with those buds wbicb have bey 
L responsTto a. stinrdns of « flower ” shedding. The ^ ' *edtog r^rds 

show an increased bad- shedding during September in 182’ “^ - LJ Id 1628. 

1929. The flowering curves are, neveTtlieless, still much higher in « ^ _ 

than in 1929, and so, in spite of the increased shedding, there is still an 
competition of the bolls already produced with the develoT-mg flower buds and lat 

boll and 6oZ?.-This competition between boll and boll is of consider- 
able importance, and that it may operate on a field scale is shown 
made in 1927 at Iqhalnagar in the Lower Bari Doah Colony. A ply ° 1 1 

on land which had just been taken into enltivation- a crop of turnips only 
taken after the land was broken up— showed complete had opening. Evyy o wm 

affected, though the plants were well grown and bore plenty of bolls. ^ n ac ^ y 

most striking feature of tbe failure in 1927 in the Lower Bari Doah Colony was ^at 
the plants all bore a very large number of bolls but that every one of these bol s 

*I believe that a somewhafsimilar paradox oec«rred in 1929, when the Bhortdivedy t 

Ely attack induced early and almost complete flower bud shedding, with the result ha ■ V , 

of flower production was greatly lessened, allowing earlier anther dehiscence and a^inoie ^ 

production of young boUs. The plant was then able to get rid of any excess of bolls normauy, uy 
shedding in the young stage. 
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opens badly. Tiie effect of boll competition was also shown m 1929, in a Pme Line 

finUy. One plant rather more wide-spaced than other plants bore over 100 bolls. 

The upper bolls of this plant opened badly, but on other plants in the same fami y 
bearing fewer bolls and at normal spacing there was no bad boll opemng. ^ 

Possibility of actual shortage o/ n«i!newf supply.— That a shortage of nutrients 
may occur during this period was shown by investigations on the spot m mmndars 
fields On better soils, under conditions of good cultivation, or in other words, 
imder circumstances presupposing a better nutrient supply, heavier crops were 
obtained than on worse soils and under worse conditions of cultivation. Compc4i- 
tion amongst an excessive number of boUs for the available nutrients would thus 
aggravate any shortage. But it has been found also that the addition of “t^ogen 
(as ammonium sulphate) at this time to the crop does not increase very much' the 
percentage of well-opened bolls but increases the total number of bolls produced a,nd, 
therefore, the total number of good boUs produced. Its effect is to reduce sheddmg. 
The dressing of ammoniiun sidphate was not put on till rather late in the season 
(September 17th), and possibly a more complete artificial manure apphed earher 

would have increased the percentage of well opened bolls. 

It should however, be observed that this reduction in sheddmg, with mcreased 
nutrient is not exactly the same thing as increasing the nutrient supply 

to the individual boll by a reduction in competition, though its final result -namely, 
increased yield— is the same. As boll opening in 1929 was good, although increased 
yields with late manuring were again obtained, nd comparative figures of good and 
bad opening were obtained. In 1927 and 1928 a survey of the zemmdars’ crops 
showed that cotton after wheat did not do so well in general as cotton after fallow 
or senjrl (see Table IX). This again points to there being a lack of nutrients 
available to the plant at this time of the season, and Brown’s remark [1927 J quoted 
earher wiU be recalled. The table also gives point to the remarks made earher that 
soil conditions, in themselves, cannot be entirely held accountable for ' failures , 
though less favourable soil conditions, such as would be induced by incomplete 
tillage after the wheat harvest, reduction in amount of plant food, etc., would tend 
to increase the incidence of malnutrition in the plant. 

The reddening of the leaves referred to as one of the symptoms of the failure 
could be caused by nitrogen deficiency. Apphcations of nitrogen at this time do 
actuaUy keep the leaves green longer than in control beds which are untreated. 
The demand for nitrogen compounds and proteins, etc., required for proper develop- 
ment of the boh would account to some extent for this leaf reddening. If the 
shortage were sufficiently acute it would result in the disintegration of the protein s 

Tlie increase was from 12*9 per cent, to 17*1 per cent, only* 

f Mdilotm parviffora. 
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in tie cWoroplasts to provide tie nitrogen required. This again would result m 

decreased assimilation and a further deficiency of nutrients. 

Root Development, 

The degree of root gro^i is of importance to the plant in all stages 
ment. The greater tie root development the greater the volume of sod 
he tapped to provide tie necessary water and salts required for the ^ 

of tie plant, and as is abundantly clear from the work of Weaver, Jean and Crist 
[1922] final yield depends to a major degree on root development. 

Cotton roots of different ages were washed out at Lyaljur , 

1929 In 1929 special precautions were taken to obtain uniform sod con i 
the experimental plants. In spite of this, variations in root 

to be considerable even under apparently uniform conditions (the instance quot 

later in the variety U4 serves as an example). Owing to the time required ^ ^ 

out and to plot the roots to scale, the number of observations must necessari y 

limited but if aUowance is made for aberrant observations, tie general course oi 
root development can be followed from tie data obtained. ^ ^ i-u 

Various factors have been investigated in connection with root 
Cannon [1918] implies the existence of optimum soil temperatums for ’ 

which may vary with different species. This author also pomts out [1924:, 192DJ 
that it is not possible to separate the effects of soil temperature and the oxygen 

content of the sod atmosphere, but that “ where tie partial pressure of oxygen is 

adequate as in weU-tilled soil, the rate of root growth may be modified directly by 
a change in temperature of tie soil.” Weaver, Jean and Crist [1922] ca soi 
temperature “ an important ecological factor affecting root growth and say ua 
“ like soil aeration it affects the development of tie root, not only toectly, but 
also plays a part in the life activities of soil organisms ”. They also point out t lat 
water-content of the soil is a most important factor afiecting root development under 
field conditions* 

In comparisons at Lyallpnr of tlie root development of 3 weeks old see ngs, 
sown at diflerent dates, and therefore under difierent conditions of soil temperature, 
it Was found that the average depth to which the roots had penetrated in the earlier 
sown crop (sown April 1st) was 46 cms,, and the average height of the shoot was 
12 cms. For similarly aged plants from seed sown on May 1st the height of the 
shoot was similar, and the roots varied in depth of penetration from 36 cms. to 
48 cms. It was noted in the later sown plants that from 32 cms. to 47 cms. depth 
there were not so many side roots, as in the earlier sown plants. These results 
should be compared with the results given by Balls [1913, 1919] and other results 
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obtained at Lyallpur (Table III). The depth of penetration of similarly aged plants 
in Egypt and at Lyallpur are similar. It should be noted, however, that the soil 
temperatures in Egypt are somewhat cooler than in the Punjab [Gray and Fassar, 
1928] and that the variety of cotton differs in the two countries. 

The differences, however, between the depths of penetration of normal ^ and 
' frequently watered ’ plants at Lyallpur is quite marked. Though more frequent 
waterings reduce soil temperatures, it is the greater availability of water which 
must most probably be held responsible for the greater root development (see also 
Table VII later). 

The high soil temperatures at Lyallpur are not necessarily depressant to root 
growth, but, as has been suggested elsewhere for the connection between soil 
temperatures and shoot growth [Trought, 1931], high soil temperatures are an 
indication of the operation of other unfavourable conditions for root growth. 

In earlier sections the effect of climate and physiological conditions have been 
considered as affecting assimilation and nutrient supply. Priestley and Evershed 
[1922] state that root growth is dependent on the supply of nutrients. This is 
obviously what would be expected. It can be stated generally, therefore, that 
there are numerous factors which, by depressing the supply of food material, would 
be expected to affect adversely the growth of the roots. 

The root washing experiments of 1928 and 1929 reveal that there are differences 
in root development from year to year, as would follow from differences in food 
supply, and these experiments are rendered more interesting from the fact that there 
were differences in the final boll development in the two years. The extent of root 
development is reflected in the extent to which bolls opened well or badly. 

The depths to which the roots had penetrated are shown in Table VII. 

The date of sowing in 1928 was 5th May and in 1929 the 21st May. In the 
‘"frequent watering'" plot the number of irrigations was twice the number of 
irrigations given to the ‘ normal watering 

The table shows that there was restricted root growth in 1928 as compared with 
1929. The diagrams show that temperatures in May 1928 were higher, humidities 
less and hours of sunshine more than in 1929. The avoidance of these conditions 
in 1929 permitted a very considerably increased growth of root in the early stages, 
even though relative humidities in 1929 were themselves below the normals for 
May and June. 

In 1928 there were very heavy rains about the 118th day after sowing. The 
figures for 1928, which are corroborated by other unpublished figures, show that 
after these rains the roots decreased in length, or in other words, that the lower 
roots died off. The similarity of this result witK Balls' [1927] results in which 
‘asphyxiation ' of the lower roots by the rising water-table results in an immediate 
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drop ill tlie floweiing curve, is shown by an examination of the 1928 flowering curves. 
The flowering curve which was rising rapidly at the end of August falls rapidly from 
the ' beginning of September — the rains took place on 29th August and 1st 
September. The lack of soil aeration consequent on these rains was sufficient to 
asphyxiate the roots, and cut off the flowering curve earlier than usual. {In 1929, 
the peak of the flowering curve was on 6th September, in 1927 the curve fell away 
on the nth September and in 1926 the mode was on the 16th September — a 
drop occurred on the 2nd September in this year, but recovery took place.) 
Furthermore, during Sepetmber and October a considerable root growth is required 
to keep pace with the needs of the plant. A shortage of nutrients, competition 
between developing flowers and bolls and water shortage in the soil may combine 
and operate in such a way that the plant is drawn into a vicious circle. Boll 
competition may result in decreased root grovdh, resulting in a shortage of 
nutrients ; shortage of nutrients results in further and fiercer competition between 
boll and boll with a further decrease in root growth and so on. 

In 1928 at the time when boll development was making its greatest demand 
on the root-system, the root-system was unequal to the task and the bolls opened 
badly, but in 1929 a great increase in the root-system took place wliich could 
therefore cope with this increased demand and the bolls opened well. 

The effect of extra watering on root development is shown from the 
figures in Table VII. Although in the early stages the roots of the more 
frequently watered plants did not penetrate so deeply, the surface system was 
greatly increased. The more frequent waterings enabled this surface system to 
fmiction throughout the plant's life ; and during the time when water rather 
than mineral nutrients were more urgently required, the roots did not pene- 
trate deeply. But the plant was able, when increased root development was 
necessary, to expand and penetrate more deeply than less frequently watered 
plants. The increased yield obtained in the watering experiments with increased 
application of water can thus be explained by the increased root develop- 
ment of which the plant is capable. In these two years also there were root 
restriction " experiments laid out. These are briefly described in Appendix A. 
The type of boll opening in the beds was recorded each year, and the records are 
reproduced in the Appendix. These show definitely that where there was artificial 
interference with the normal development of the roots, the boll opening was much 
worse than in those beds where normal conditions prevailed. In another ease, in 
1929, two plants, six feet apart and of the same variety (Parnell s Jassid-resistant 
U4 from South Africa) showed complete bad opening in one plant and complete 
good opemng in the other. The shoots were similar, and the number of bolls approxi- 
mately equal. On washing out the roots, no difference in soil conditions was 
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observable, but there was a very great (but unexplained) diterence in root develop- 
ment. The root of the badly opened plant was only 63 cms. deep, with com- 
paratively few laterals, while the plant with well opened bolls had roots 184 cms. 
deep with a copious development of laterals and absorbing roots (Plate XIX). 

Eoot development, then, in as far as it exercises an effect on good or bad 
nutrition, is seen to be directly connected with, and may exercise a preponderating 
efl’ect on the good or bad opening of the bolls. 

Biseussioa. 

The foregoing pages have provided reasons and evidence showing that during 
the development of the cotton plant in the Punjab the environmental factors may 
produce unfavourable reactions in the plant. The suggestion is made that in certain 
years the effect of unfavourable conditions, clhnatic and biological, overlap 
sufficiently to produce a general pathological state m the plant, which shows itself 
finally in the failure of bolls to develop properly. 

If the records (see diagrams) for different years are compared, it will be found 
that no one chmatological factor can be discovered which can be held responsible 
each year for failures ; it will be found, however, on the other hand, that each year 
a number of unfavourable factors operate at different times. 

The comparison will also show that May and early June is the period when all 
these adverse factors are at their maximum dming the cotton growing season. 
It is obvious that variation from year to year in these climatic data occurs, and that 
they do not exercise equally severe effects each year. But the total effect in any 
year may seriously affect the young plant at that stage in its development when 
the root growth is of more importance than the shoot growth. In the Punjab, 
then, in the early stages of root development there are numerous factors which 
can depress root growth, reducing it from its optimum. The 1928 and 1929 
root restriction experiments provided a convincing demonstration of the intimate 
relation between poor root development and subsequent bad boll opening. A 
healthy and abmidant root growth, particularly in the early stages of develop- 
ment, is the first and essential foundation for future healthy growth with ability 
to resist later unfavourable factors or diseases which may attack the crop. 

It is clear that much more attention is required to be given to the crop during 
its early stages. 

In taking individual years, and considering very briefly some of the conditions 
which obtained, this will be further emjihasised. 

In 1919, for example, Mike records that the season was very hot and dry till 
July 20th and that humidities were low in September. The hot and dry conditions 
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during' the young stages of growtli appear to have been equally important with the 
later dry conditions. 

In 1921 again, Milne records that the early part of the season was excessively 
hot and dry, that there was little rain the previous winter, giving the probability of 
insufficient soil moisture being stored in the soil, and that there were wind and sand 
storms in September and October. 

In 1926, which was a good year, humidities in early May and throughout June 
and July were high, though as no rain occurred from mid-August to the 24th Sep- 
tember, the humidities during that period were much lower than normal The 
maximum temperatures in September in 1925 remained about 100°E., and are 
similar to those recorded in 1919 and 1929, but maximum" temperatures in June and 
July were low. But in 1926 and 1929 (in both of which years boll opening was good) 
September was good growing weather and, as in 1929 there was good root growth, 
it seems probably that good root growth also occurred in 1925. 

In 1926 (a bad year) there were early high maximum temperatures, and dining 
July and August there was a comparatively severe White Fly attack, combined with 
a general fungous attack on the leaves. There was also a low winter rainfall in the 
previous winter, though the actual summer rains were somewhat above normal, and 
well distributed. The competition factor between developiog bolls, due to a rather 
unusually early rise of the flowering curve, and a late dehiscence of anthers, was 
also likely to have attained serious proportions in this season. It can be wel 
understood that such a sequence of unfavourable factors could produce failure. 

In 1928 though the winter rainfall was not greatly in deficit, there was excessive 
insolation in May, and there were high maximum air temperatures and low 
relative humidities in May and August. The soil temperatures were high through- 
out the season, and there were two particularly heavy rainfalls, one of nearly four 
inches in July, and one of nearly six inches on the 1st September. Here again 
there was late anther dehiscence, with an increased flower production in the early 
part of the flowering period, which would cause a waste of nutrients in the first 
place, and an increased competition for available nutrients later. The attack of 
White Fly was not serious on the experimental plots at Lyallpur, yet general bad 
opening occurred. 

Mitigating or Eemedial Measures. 

(a) Sming date.—It is clear that the first obvious remedy would be to sow the 
crop at such a time (either earlier or later) that these factors did not operate at 
that period of development when the crop was most susceptible. This remedy has 
already been discussed [Trought, 1931] and experimental data have been published 
on the effect of later sowing dates [Trought, 1930] from wHch it will be clear that 
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sowing 4F cotton about the middle of June had a beneficial effect on the yield 
obtained, and may decrease bad opening in such crops. 

(b) Agrimltuml Practice , — There are, however, other possibilities. Good 
cultivation, or good agricultural practice, is all directed to mitigating the climatic 
effect in one way or another, in order that the crop plant will have a less severe 
fight to establish itself and produce its final yield. Crop production in any climate 
implies cultivation of some sort, but the more severe the climate the higher the 
standard of cultivation required. In the Canal Colonies of the Punjab, it is not 
realised that even with the extensive irrigation systems which have been built, the 
climate is still an arid climate, and that many of the principles of dry-farming 
require to be applied [Widtsoe, 1921] in spite of the remarkable regularity with 
which irrigation water is supplied to the farmer. 

The sowing of cotton in lines to allow of inter-cultivation afterwards is an 
essential and should be considered a commonplace. This practice on the basis 
of experiment has been recommended by the Punjab Agricultural Department for 
years, but unfottunately has not been adopted universally by the zemindar. All the 
more scientific and intelligent zemindars sow in lines, and get better yields {vide 
Himbury, [1929], referred to above) and unless this practice is adopted cultivations 
after sowing are almost impossible, with the result that there is much unnecessary 
water less. Reverting to the comparison with Egypt, where the crop is sown on 
ridges, hand cultivation is practised as long as it is possible to get between the 
plants. 

(c) Irrigation Praciice . — Balls [1913] has shown that in the milder climate of 
Egypt the cotton crop loses, in transpiration and soil evaporation, considerably 
more water than is put on in irrigation. The growth curves of 4F [Trought, 1931 
and Diag. XI] supply evidence that throughout its development, cotton in the 
Punjab is water-short, and that there is a loss of water from the soil during the 
crop's growth is shown by soil moisture determinations. 

It is clear then that the storing of water in the soil [Widtsoe, 1921] for the 
cotton crop is one of the first necessities of good cultivation. It is interesting to 
note that, even in Egypt, where there is a water-table within a few feet of the 
surface, that nine or ten waterings are given during the season (some 26-30 acre 
inches) and generally at least three ploughings requiring one or two irrigations, are 
given prior to sowing. In contrast with this, five waterings may be considered as 
rather above average in the Punjab, supplemented by the rainfall 

It cannot, however, be sufficient merely to water the land coming under cotton 
two or three times prior to sowing. The land must be ploughed and cultivated 
and left in good tilth. Two or three waterings before sowing also have the effect 
of cleaning the land of weeds, which form another potential source of water loss. 
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If the] kiwi is covered with weeds, more water will be lost than from ordinary bare 
soil. 

A further effect of pre-sowing waterings will be the reduction of soil tempera- 
ture, and the encouragement of the growth of the soil bacteria and protozoa. 

The figures for root growth given earlier show the advantage of early waterings 
after sowing instead of allowing the crop to wait as long as possible. This might 
in practice require some adjustment with the irrigation needs of other crops, and 
naturally the extra growth induced thereby may lead to an increased necessity for 
more water later. But as shown by the watering experiments conducted at Lyallpur, 
the more water which is given to the crop the greater the yield ; even though the 
crop may actually show the “ failure '' symptoms referred to earlier. 

(d) Mmmring.—Gxeen manuring, or the application of farmyard manure, can 
also he recommended in so far as this practice assists the soil in its retention of 
water, and may have an additional effect by increasing the CO 2 evolution from the 
soil. The application of artificial manures, particularly late in the season, has 
been shown to increase the actual outturn, but such treatment can only be con- 
sidered in the light of a palhative measure. The main object should be to get the 
land into such good heart that the plant is able to obtain its own mineral nutrients 
without the assistance of artificial manures. 

It cannot be expected, however, entirely to eliminate failures by these means. 
The climate of the Punjab is an extremely severe one and the tjpe of cotton which 
has already been produced by acclimatisation and selection is extremely hardy. In 
spite of this, however, as suggested by Mr. B. C. Burt"^, the trouble may still be 
largely varietal. It is a general experience that American cottons which do well in 
other parts of India, or which are imported direct from America or other cotton 
growing countries invariably fail to j)erform satisfactorily in the Punjab. The 
symptoms of this invariable failure are similar to those which occur from time to 
time in 4F. 4P is an improvement and in many years gives excellent yields, but is 
still far from perfect, and further improvement is possible. It seems then that the 
final solution of the problem must be looked for in the production of a new variety 
which will be able to make a continuous and healthy growth under as bad a com- 
bination of environmental conditions as may occur. It has been observed that a 
MoUisoni cotton, which, in common with other desi types of cotton, is very seldom 
affected by the kind of under-development of the boll which has been under 
discussion in the case of American varieties, is able to produce an extensive root- 
system under conditions of drought. What is necessary is an American variety 
which is capable of producing an adequate root-system imder similar adverse 
conditions. The process may be slow and is rendered dfficult by the fact that the 
in a private eommimication to the author. 
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root development wliicli is a major factor in maintaining this healthy condition 
is extremely difficult to observe. 

Summary and ConeliKions. 

The established fact of large variations in yield from year to year of 4F cotton 
in the Punjab is due to “ failures ” in certain years. 

The symptoms of these failures are described, and their possible causes 
discussed. 

Diseases and pests may play a part but are not initiating factors, they are a 
consequence of other factors. 

The effect of climatic and physiological factors are described, and the import- 
ance of root development emphasised. 

The deduction is drawn that in failure years the overlapping effect of a series 
of adverse factors operating at comparatively short intervals of time, do not permit 
of the recovery of the plant before it matures its crop, and results in the failure of 
the plant to produce properly developed lint and seed. The plant is most susceptible 
in its early stages, at which time adverse factors are at their maximum. The 
factors re-act on root development reducing it from its optimum. 

The adoption of good agricultural practice will assist in mitigating the effect 
of these adverse factors, but a complete solution can probably only be obtained by 
the discovery of a type of plant still more resistant to the severe climatic conditions 
which prevail. 
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Appendix A. 

Root Restriction Experiments, 1928-29, at Lyalepub. 

4F seed was dibbled in lines 3' 6" apart in boles 15" apart along the lines, 
rising 15-20 seeds per bole. Tbe boles were thinned to 2 plants per bole. 

There were three treatments and nine repetitions of each treatment, arranged as 
recommended by Bngledow & Yule (Empire Cotton Growing Review, Vol. Ill, 1923). 

Tbe first treatment (Brick Floor) consisted of removing the top layer of soil 
from each of tbe nine beds and putting down a layer of bricks 12" below tbe surface 
covering tbe area, and mortared together. Rows of boles for drainage were left at 
nm'fnTTD intervals. These beds were left at tbe same level as adjoining beds when 
tbe soil was refilled in. 

Tbe second treatment (Disturbed) consisted of removing the top layer of soil to 
a depth of twelve inches and replacing it. It is probable that in doing this a slight 
pan was formed, as was found by Balls in his Terraces Experiment at Giza 
(Balls W. L. Analysis of Agricultural Yields, Pt. Ill, Proc. Roy. Soc. Series B., 
Vol. 208, 1917). 

In the third treatment (Undisturbed) the soil was left undisturbed. 

The experiment was continued on tbe same plot for two successive years, and 
height measurements, and flowering and bolbng curves, recorded. These are not 
reproduced. The ‘ pan ’ effect was, however, shown in both years by tbe “ Dis- 
turbed ” beds, which never quite equalled tbe “ Undisturbed " beds. The “ Brick 
Floor beds were worse than either of the other two in growth, flowering and boiling. 

The following table, however, shows the type of boll opening observed in each 
bed of each treatment in the two years. 

Tyfe of Boll Opening Recorded. 


Brick Floor 


Bisturbed 


Undisturbed 


f 1. Bad . 
4. formal 
7. Poor . 
10. Bad . 


* 11. Bad 


)28 13. Better than 1, 4, 7, 10. 14. Norma! 

16. Bad . . . . 17. Bad . 

19. Poor . . . .20. Not good . 

! 22. Very poor . • .23. Normal 

25. Better than 16, 19, 22. 26. Quite good. 


2. Good 


0 . Good 


3. Quite nice. 

6. Normal. 

9. Quite well. 

12. Fairly good. 

15. Not good. ■ 

18. Not very good. 

21. Fairly satisfactoiy. 
24. Satisfactory. 

27. Very good. 
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Tijfe of Boll Opening Recofded—Gontd, 


Brick Floor 

Disturbed 

Undisturbed 

f 1. Bad .... 
4. Bad .... 
7. Bad except for a few 
plants. 

10. Very bad . 

1929 -{ IS. One plant with good 

opening. 

16. Generally bad , 

19 . Very bad . 

22. Bad . . . 

^ 25. Very bad . . 

2. Quite good. 

6 . Small bad patch only . 
8. Very good . 

11. Vexy good . • 

14. Very good . 

17. Quite bad . 

20. Good . 

23. Quite good . 

26. Medium 

1 - - - i 

3. Very good. 

6. Very good. 

9. Very good. 

12. Very good. 

15. Good. 

18. Opening quite well. 

21. Very good. 

24. Quite good. 

27. Very good. 

In the “ Brick Floor beds t'. 

he lines of plants were so 

» arranged that no plants 


came above the openings in tbe brick floor for drainage, so tkat no tap-root could 
grow straigM down below 12'''. 

Tlie plot was considered to be of rather better than average fertility for cotton, 
which would account for the fairly satisfactory opening obtained in the Disturbed 
and Undisturbed beds in the bad year 1928. The land was fallow between one 
cotton crop and the next. 


Table III. 

(See also Table VII.) 


Age of plant 

Giza 

Lyallpue, 1928. 

Age of 
plant 

W. L. B. 
1919 

W. L. B. 1913 

Watered normally 

Watered twice 
normally 

Depth of 
root 

Height of 
shoot 

Depth of 
root 

Height of 
shoot 

Depth of 
root 

Height 
of shoot 

5 days 

Cms. 

6 

Cms. 

Cms. 

Cms. 

Cms. 


■ 


7 

14 

•• 

•• 

*• 

- 

.. 


.. 

14 „ 

20 

•* 

.. 

•• 

•• 

.. 

.. 

• • 

7 weeks 

55 

60 

10 

30 

17-5 

45 

19*1 

6 weeks 

11-12 weeks. 

.. 

90 

45 

80 

34*2 

82'^ 

39*3 

10-11 

14-16 „ . 

140 

130 

85 

144 

47-5 

173t 

1 52*5 

15 .. 

18-19 ' „ . 

n 

180 

120 

•• 

•• 

•• 

• • 


21-23 „ . 

H 

200 

130 

218 

1 


.. 

20 weeks 


=5^’ More extensive active ” root-system tLan normal waterings, 
t Volume occupied by roots was much greater than in normal watering. 


























L^^alipur 


Lalioie 


47-2 


37-7 


56*1 


65*3 


02*7 


84*0 


76*7 


70*9 


July 7tii 


July28th . 
August 4tii . 
August lith 


Augus t iSth 


B42 INBTAK JOUENAL OF AaBICOTTUEAL SCIENCE [ 1, I 

Table IV. 

Weekly meanu of Humidihes at 8-0 a.m. at Lyallpur, Lahore and Dera Ismail Khan 


Weelj eudiiig 


Jum SOfcli 


Lyallpur 


26*0 


25*0 


43-1 


41-0 


August 25tli 


September 1st 


June iOth 


June 23 rd 


Dera 

Ismail 

Klian 
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Table Vf—conti. 

Weekly means of Humidities at 8-0 a.m, at Lyallpur, Lahore and Beta Ismail 

Khan, 


Week ending 

1928 

1929 

Lyallpur 

Lahore 

Dera 

Ismail 

Khan 

Lyallp iir 

Lahore 

Dera 

Ismail 

Khan 

June Otli 

• 


• 

50-6 ; 

54-3 

60*0 

38*8 

41*7 

. 40'5 

June 16th . 

• 

• 

• 

60*0 

59*7 

54*4“ 

55*3 

67*0 

59*8 

June 23rd . 

• 

• 

• 

51-3 

46*4 

39-8 

48*9 

59*1 

55-4 

June 30th . . . . | 

45-8 

46-7 

49*4 

53'6 

68*7 

47*1 

July 7tli . 

69-6 

73*1 

67-6 

57*8 

67*3 

68*0 

July i4th • . . 

68-7 

65-1 

64*5 

58-8 

i 

63*3 : 

63*0 

July 21st . . . 

56*6 

58*6 

58*4 

80*6 

80*] 

72*7 

July 28th . 

75-9 

75*6 

■ 72*9 

79*7 

79-0 

80*6 

August 4th . , . . 

57*3 

64*4 

60*8 

71-8 

82-9 

76-6 

August iltii 

53*8 

66-8 

61*3 

70-4 

75*1 

74*9 

August 18 th ■ . 

55*4 

i 

60-0 

67*0 

56*5 

63*6 

84-0 

August 25th 

65*1 

72*4 

64*8 

76*1 

81*4 

77*0 

September 1st 

81*7 

82*0 

68*0 

78'3 

87*5 

68*1 


E 
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Table V. 

Maturation period and shedding percentage of flower buds labelled on ilmr first 

appearance. 


Date oi labelling 

1928 

289 F 

4F 

Moliisoni * 

ed 

i 

1 

Average matu- 
ration period 
in days 

P ere entage 
matured 

Number labelled 

Average matu- 
ration period 
in days 

Percentage 

matured 

Number labelled 

Average matu- 
ration period 
In days 

Percentage 

matured 

July 3, 1928 , 

71 

28 

1*4 

•• 

•• 

*• 

22 

27*1 

40-9 

July 10, 1928 . 

75 

•• 

0 

•• 

'•* 

•• 

42 

32*7 

7*1 

July 16, 1928 . 

86 

39*8 

15*1 

69 

37*3 

33*3 

92 

•• 

0 

July 23, 1928 • • 

83 

35*6 

24*2 

78 

33*4 

28*0 

88 

29*5 

■2*3 

July 30, 1928 . . 

62 

31*0 

1*6 

84 

30*0 

1*2 

83 

28*5 

2*4 

Aug. 6, 1928 . 

51 

•• 

0 

78 

320 

55*0 

78 

.. 

0 

Aug. 13, 1928 . 

41 


0 

68 

31 0 

61-7 

71 


0 

Aug. 20, 1928 . 

44 

33*1 

67*0 

65 

33*4 

72*3 

59 

31*1 

47*4 

Aug. 27, 1928 . 

33 

32*0 

66*6 

50 

35*8 

68*0 

42 

31*4 

59*5 

Sep. 3, 1928 . 

34 

31*9 

67*5 

•• 

•• 


J4 

31*1 

64-7 

Sep. 10, 1928 . 

18 

35*8 

89*0 

-1 

•• 

.. 

10 

31-7 

60" , ■ " 


Nora— MjUisoni buds were labeUed oae day later, and 4 F budg two days later than date in 

poluma. 

f Indicum var Mollispni of Gamuaie , 
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Table Y—eontd. 

Maturation period and shedding pereentage of flo wer buds labelled on their first 

appearance — contd. 


1929 


Date of 
labelling 

289 F 

4F 

. 

Early Strain^ 

Moliisoii! 

Number labelled 

i.1 

a| 

|g| 

1 

Percentage 

matured 

Number labelled 

Average matu- 
ration period 
in days 

Percentage 

matured 

Number labelled 

Average matu- 
ration in days 

P ©rcen tage 
matured 



Number labelled 

S m 

a-o 

a 

© 

II 

© 

tsO 

ce 

43 

SI 

si 

© g 

July 12, 1929 . 

38 

•• 

0 

43 

•• 

0 

45 

29-2 

5M 

48 

29*6 

14*6 

July 19, 1929 . 

28 


0 

22 

•• 

0 

39 

30-2 

79*5 

45 

27*9 

73-3 

■ 

1 

B 

36*6 

31 

39*3 

390 

38 

29-4 

73*7 

m 

27-3 

67*4 

Aug. 2, 1929 . 

1 

.. 

•• 


... 


47 

30-6 

68*1 

93 

29*7 

65*6 


91 

35*3 

63*7 

64 

36-6 

59*4 

44 

32*8 

68*2 

34 

308 

58*8 

Aug. 16, 1929 . 

86 

33*9 

66*3 

85 

34*6 

42*3 

44 

31*6 

52*2 

8 

24-6 ( 

50- 0 

Aug. 23, 1929 . 

99 

33'8 

67*7 

97 

31*0 

24*7 

49 

32-6 

26-5 

- 

•• 

- 

Aug. 30, 1929 . 

76 

34*7 

60-5 

12 

34*3 

66*7 


.. 



•• 



NoTE*—MoliisoEi and Early Strain bixds were labelled one day later than date in column, 
A* Hits'uawm 
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Table VI. 

Waterless from soil during gmvfJi of cotton crop. 


[ Figures to nearest 10, in cubic-metres or metric tons.*] 



— 

Water added by 
irrigation and 
rain 

difference 
between 
original and 
final moisture 
in soil to 9' depth 

Total 
water loss 
per acre 

Water 
loss per 
day 

1928 . 

Plot watered every three 
weehs. 

Cubic-metres. 

2,280 

—4.90 

2,770 

17*6 


1 lot watered every five 
weeks. 

1,870 

—830 

2,700 

17*2 


Fallow Tinirrigated from 
July 2. 

1,U0 

-1-1,000 

140 

•• 

1929 . 

Plot watered every three 
weeks. 

2,910 

—160 

3,070 

19*6 


Plot watered every five 
weeks. 

1,940 

—470 

2,410 

15*4 


' Pallow unirrigated from 
M ay 21. 

1,070 

' —810 

i,3?0 

•• 

1928 . 

Fallow irrigated and 
cultivated. 

1,990 

-f670 

1,3S* 


1929 . 

Fallow irrigated and not 
cultivated. 

2,700 


: 2,600 



^ 1 metric ton == 0*98 tons approx. 
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Table VII. 


Normal waterlog Freq^uent watering 


Age of plant in days Age of plant in days 

Deptli of penetration Depth of penetration 

of roots in cms. of roots 

















1927 

6-10 

36*5 


44*6 


15*0 


29*1 


12*6 


Percentage of flowers which matimi bolls. 


2*2 

8*6 

36*0 

17*8 


July 

August) « 
September 
Oofaober . 


24*5 


August to October together 


31*2 


^ Percentage actual bolls matured, 
t Percentage flowers not shed. 

, , The percentage flowers not shed would be rather greater then the percentage ' of WIs iiiai-iirecl, 
owing to the difficulty of certainty in the collection of labels from the ground. 
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Table VIIL 

Percentage distribution of shed 4 F bolls by age^ 


1929t 


21*5 

46*4 

16*9 

44*2 


1928“ 


Over 10 1-5 


90*8 

81*5 

86*8 


22*2 

62*6 
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Table IX 

Percentages of well opened and medium or badly opened American Cotton Crops from 
obsermtions taken during 1927 and 1928 on zemindars' fields. 


1927 


Weil opened 

Medium or badly 
opened 

Remarks 

Total 

Per cent. 

40*8 

Per cent. 

59*2 

49 observations. 

After wheat , 

36-6 

63*3 

30 observations. 

After toria 


100 

4 observations 
only. 

After fallow or other 
crops. , 

60-0 

40 

14 observations. 

1928 

Total 

18-5 

81-5 

168 observations. 

After wheat *. 

14*1 

85*9 

78 observations. 

After toria 

16*6 

38-4 

12 observations. 

After fallow or other 
crops. 

23 

77 

78 observations. 
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i 

(Received for publication on tlie 20tli December, 1930.) j :' 

(With Plates XX to XXXIL) 

Tbe purpose of this article is to review briefly the position which rice occupies 
in the agriculture of this province and to give some account of the results which 
have been achieved in rice-breeding work in progress here and to indicate the possi- 
bility of further work yielding useful results. 

The paramount importance in the Central Provinces of a crop, such as rice, 
which occupies nearly 5,112,444 acres, or an area equivalent to 30 per cent, of the 
total cropped land, requires but little emphasis. The areas where it is largely grown 
fall into three tracts. The first is situated in the north of the province and includes 
the district of Jubbulpore and parts of Mhndla and Damoh. The second tract lies 
in the Wainganga valley running from Seoni to Chanda and includes the southern 
parts of Seoni, the low areas of Balaghat and the eastern portions of Bhandara and 
Chanda. The third and the most important tract consists of the plain of Chhattis- 
garh division in the east of the province. The bulk of the produce is consumed 
within the province, but it is obvious that in a crop which constitutes the chief diet 
of a very large section of the agricultural popidation, the cumulative effect of im- 
provement, however small, must go a long way towards the economic emancipation 
of the cultivator. 

The rice species {Oryza sativa) is wonderfully rich in varieties, and this fact is the 
best indication of the great possibilities of improvement in this crop. It is difficult 
to ascertain with any degree of preciseness the number of varieties met with in these 
provinces, owing to the confused state of nomenclature — the same variety being 
known by a different name in a different locality. Also instances are not wanting of 
markedly different rices being known by the same name. Rani kajar for example 
(Plate XXVII) is the name applied to several rices differing in colour of outer glumes 
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and size of kernel. The crop grown at present consists in the majority of cases of a 
miarfiure of strains of different cropping power and quality. The chief problems 

which confronted us in the work of improvement, therefore, were 

(1) The isolation and comparative testing of varieties.^ ^ 

(2) Improvement of selected varieties by raising high-yielding strains from single 

plant selections. . 

(S) The raising of new strains combining the desirable and useful diagnostic 
characters of two or more varieties by hybridization. 

The first step naturally consisted in making a collection of as many samples as 
possible with a view to raising pure lines from these. As a result of this work a 
large number of very useful varieties, described hereafter, were isolated. Selection 
work was next concentrated in these varieties. The method adopted was as follows. 
Over a thousand plants were selected in the field from each variety, and out of this 
number 50 best plants were retained for line cultures. The length of each line and 
the number of plants per line were kept constant. Yield records were carefully 
maintained, and by elimination, the number under trial was brought down to five 
strains, which were further tested against each other in duplicate plots until the best 
strain was finally retained. Work on these lines has resulted in strains of uniform 
quality and Mgh cropping power. 

Desoeiption oe the Improveb Varieties. 

1* Gangi htida selection E. B, 17.— Leaf -sheath light purple. Auricles, band 
and ligule colourless. Bars exserted, curved, drooping. Apiculus purple. Stigma 
deep purple. Ripe grains straw coloured with dirty brown markings in some fur- 
rows. Glume and palea slightly convex. Kernels medium in size (6*1 m. m. X 
m. m. X 1*8 m. m.), translucent. (Plate XX ; Plate XXX, fig. 3.) 

This has been found to be the best rice among the early varieties and is in 
much demand in Jubbulpore district. 

2. Bhata gurmalm No, 9.— Leaf-sheath purple. Auricles, band and ligule 
light purple. Ears exserted, curved. Apiculus purple. Stigma black purple. 
Ripe grains straw coloured. Glume and palea slightly convex. Kernels medium in 
size (6*0 m. m.x2*5 m. m.Xl*9 m. m.), translucent, sometimes with a chalky 
deposit of abdominal white. (Plate XXI, fig. 1.) 

This is recommended as one of the best early rices for unirrigated lighter soils 
of Chhattisgarh division. First isolated by this Section in 1916, it has since been 
considerably improved by selection. 

3. Bhondu No. 19.— Leaf-sheath green. Auricles, band and ligule white. 
Ears exserted, curved, approximate. Apiculus coloured like inner glumes. Stigma 
white. Ripe grains with light brown furrows, nerves pale. Glume convex, Palea 
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slightly convex. Kernels medium in length, coarse (6*1 m. m.x3‘l m. m.x2-2 
m. m.), with chalky deposit of abdominal white well developed ; almost opaque. 
(Hate XXII, fig. 2.) 

Isolated by the Section in 1918, selected strains in this variety have proved to 
be the best of all the medium varieties in respect of yield- 

4. PdfTBiM No. 22 , — Leaf-sheath pink. Auricles and band dark purple. 
Ears exserted, curved, drooping. Apiculus purple. Stigma black purple. Ripe 
grains brown. Glume and palea slightly convex. Kernels medium (6*3 m, in.X 
2*7 m. ni. xl‘7 m. m.), translucent, sometimes with a chalky deposit of abdominal 
white. (Plate XXIII, fig. 1.) 

The distinct colour of the band and the auricles in this medium variety consti- 
tute useful distinguishing characters in a field infested with wild rices. 

5. Surmatia No, 11, — Leaf-sheath black purple. Auricles, band and ligule 
purple. Ears exserted, curved. Stigma black purple. Ripe grains straw coloured 
with prominent black apiculus. Glume and palea slightly convex. Kernels medium 
(6*2 m.m.x2*3 m.m.xl*7 in.m.), translucent. (Plate XXII, fig. 1.) 

The colour of the leaf-sheath renders the elimination of wild rice an easy matter. 

Q, Qurmatia No, 17 , — ^Leaf-sheath purple. Auricles, band and ligule light 
purple, Ears enclosed, curved. Apiculus and stigma black (purple. Ripe grains 
straw coloured. Glume and palea slightly convex. Kernels medium (6*2m.m.X 
2*S m.m. X 1*9 m.m.), translucent. (Plate XXIV ; Plate XXXI, fig. 1). 

This is a heavy-yielding, late variety largely grown in Chliattisgarh division. 

7. Luchai No, 4, — Leaf-sheath green. Auricles, hand and ligule white. Straw 
strong. Ears exserted, curved, approximate. Apiculus like outer glumes. Stigma 
white. Ripe grains of golden colour. Glume and palea slightly convex. Kernels 
medium and fine (6*0 m.m. X 2*2 m.m. X 1*6 m.m.), translucent. (Plate XXI, fig. 2.) 

This is the heaviest-yielding, late variety of good quality. 

8. Ohinoor No, 21, — Leaf-sheath green. Auricles, band and ligule white. Ears 
exserted, curved, spreading. Apiculus common. Stigma white. Ripe grains straw 
coloured. Glume straight, awned. Palea straight. Kernels long, fine (7*0 m.m.X 
2*1 m.m. X 1*7 m.m.), translucent. (Plate XXV ; Plate XXX, fig. 2.) 

This late scented variety is reckoned to be one of the finest rices of the Province. 

9. Dilbuhsha No, 35, — ^Leaf -sheath green. Auricles, band and ligule white. 
Straw weak. Ears much exseited, drooping; branches separate and drooping. 
Apiculus common. Stigma white. Ripe grains straw coloured. Glume convex. 
Palea slightly convex. Kernels very short and coarse (4*8 m.m. x 2*2 m.m. x 
1*6 m.m.), translucent. (Plate XXVI; Plate XXX, fig. 1.) 

A late variety of good quality and yield. It is in great demand in Juhbulpore 
district. 

1 ? 2 ' 
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The average yield obtainable from these improved strains is given below^ : 


[I, III 


Variety 


Yield per acre 


Bliata garmatia 

Bbonda 

Parewa 

Sarmatia 

Desbi mediam 
Gurmatia 
Lacbai 
CMaoor 
Beshi Late « 
E. B. 17 

Dilbaksba 


Early 

2,076 lbs. 

Medium . 

2,647 „ 

99 * 

2,170 „ 

99 * 

2,316 „ 

99 * 

2,220 „ 

Lale 

2,494 „ 

99 * 

2,372 „ 

99 • 

2,403 „ 

... 

2,334 „ 

Early 

1,223 „ 

Late 

960 „ 


Bemarks 


(Average ol 6 years) 
1929-m 

(Average of 4 years) 
1928-29. 

(Average of 3 years) 

1927- 28. 

(Average of 4 years) 

1928- 29. 

(Average of 5 years) 

1929- 30. 

(Average of S years) 
1929-30. 

(Average of 4 years) 

1928- 29. 

(Average of 3 years) 

1927- 28. 

(Average of 5 years) 

1929- 30. 

(Average of 3 years) 
1929-30. 

(Average of 2 years) 

1928- 29. 


1925- 26 to 

1926- 26 to 

1926-26 to 

1926-26 to 

1925-26 to 
1925-26 to 
1925-26 to 

1925- 26 to 

1926- 26 to 

1927- 28 to 

1927-28 to 


^ Ann ual jsiepoi&s oi mo x/oi/a* w. - - 

It has been said elsewhere that the number of varieties of rice grown here is 
yexj large. Though no claim is made to our having made a complete agiicultural 
and botanical survey of all the varieties in existence, it has been possible to 
introduce a system of classification wherein all the rice varieties can be placed, 
thus rendering easy fiuther breeding work on this crop. This scheme of classifica- 
tion is based upon grain and leaf-sheatli characters as will be seen below 
Kernels white. 1. Very short. (Less than 6 m.m. in length.) 

(a) Slender. 

(^) Pine. 

(i) Bipe grains straw coloured. 

Leaf-sbeatb green . • • • • * Briskiabbog 


«j) Medium. 

(i) Bipe grains straw coloured. 
♦ Leaf-sbeatb green • 


(4-24 X 1-74 X 1-22) 


Hiranakbi . 

( 4*44 X 2*16 XP 6 ). 
|£ubrlmob.ar 
( 4 * 46 X 2 * 2 X 1 * 42 ). 
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(ii) Bipe grains brown. 
Leaf"Slieafc!i green 

(d) Coarse. 

(i) Ripe grains straw coloured, 
^ Leaf-slieat.il green 


(Hi) Bipe grains black, 

* Leaf-sbeatii green 

Leaf-sbeatli coloured . 

(e) Bound. 

(^) Ripe grains straw coloured. 

* Leaf-sheatb green 

{Hi} Bipe grains black. 

Leaf -sheath green 

2, Kernels short. (Less than 6 m.m. in length). 
(b) Fine. 

(i) Ripe grains straw coloured. 

Leaf -sheath green 


** Leaf-sheath coloured . . . 

(m) Ripe grains brown. 

* Leaf-sheath green 

(c) Medium. 

(ii) Bipe grains brown. 

* Leaf-sheath green 

(d) Coarse. 

(ii) Ripe grains brown. 

* Leaf-sheath coloured . 

(iii) Ripe grains black. 

* Leaf -sheath coloured . 

(e) Bound. 

(i) Bipe grains straw coloured. 

* Leaf -sheath green , . . 

3. Kernels medium. (Less than 7 m.m. in length.) 
(a) Slender. 

(i) Ripe grains straw coloured. 

* Leaf -sheath green * . 


« Padampiiui 

(4*44 X 2-17 Xi *38). 


, Bilbuksha 

(4-8x2-2xl*6). 
Harad gundi 
(4*1 X2-49X 1-53). 

, Tulsimangir 

(4-4X2-36XI-7). 

, Bani kajar 

(4-4 X 2*23X1*66). 




. Bongeriiianki 

(4*0X2*73X1*76), 

, Maknuja 

(3*95x2*9x2*l). 


. Mohan bhog 

(6*25 Xl*77x 1*29). 

Baghmuehh 

(6*67 X 1*83 Xl*i3). 

« China kapur 

(6*3 X 2*07 X1-53V 

Kubii mohar , J 

(5*85X2 0X1*66). 


2tirai 

(5-54 X2-34X 1*54). 


. Badriphal 

(6*16 X 2*76 Xi*83> 

. Bare hansa 

(5*2x2*66x1*85). 


. Makka 

(6*36 X 3*06 x2*i)- 



. Basmati ^ 

(6*04X1 •77X1*45), 
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(ii) Ripe grains brown. 

^ Leal-slieatb green • 

(h) Fine, 

(i) Ripe grains straw coloured. 

* Leaf -sheath green 

(ii) Ripe grains brown. 

Iieaf-sheath green 


Leaf-sheath colonred • 

(ui) Ripe grains blaek. 
*Leaf-sheath green 

(c) Medium. 

(i) Ripe grains straw coloured. 
* Leaf-sheath green 


(ii) Leaf-sheath coloured • 

(Bhata gurmatia, Gurmatia, 

(6-0x2*5xl*9) (6*2x2*5xl*9) 

(ii) Ripe grains brown. 

*^Leaf«sheath green 

**‘*Leafs- heath coloured . 

(in) Ripe grains black. 

’’‘Leaf-sheath green. 

(d) Coarse. 

(i) Ripe grains straw coloured. 
’^Leaf-sheath green • 


’“’’'Leaf-sheath coloured . 

(ii) Ripe grains brown. 

’“’“Leaf -sheath coloured . 


« Pithadi 

(6-55X 1-73x1 *45). 


Basin atia 

(6-4 X 2*0x1 *6). 

„ Liichal 

(glomes golden) 

(6*0 X 2*2x1 -6). 
Chhitrakot 

(6*0X1*96X1*42). 

. Banspatri 

(6*17 X2*12X 1*6). 

. Kali kamod. 

(6*34x2*18x1*65). 


. , , Ludka. 

(6*05 x 2*38X1*76). 
Bhaur. 

(6*9X2*6X1*71). 

. . • Gangikuda. 

{6*1X2*6X1*8). 

Surmatia) 

(6*2 X 2*3 X 1*7). 

. , . Pisso. 

(6*8x2*67x1*8). 

. . 9 Parewa. 

(6*3x2*7xi*7). 

„ , . Radha balam. 

(6*5 X 2*4 X 1*8). 


. Bhondu (furrows brown). 
(6*1 X 3*1 X 2*2). 

Oatta. 

(6*12 X2-9X 1*9). 

, Chipda, 

(6*12x3*0x.l*8). ■ 

, Suwapankhi. 

(6*43 X 2*94X2*0). 


Ill 


(Hi) Ripe grains black, 

’“’“Leaf-sheath coloured . 


. . Karya gurmatia. 
(6*0 X 2-82 X 2*06). 
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4, Kernels long. (Less than 8 m. m. in length.) 
(a) Slender. 

(I) Bipe grains straw coloured. 

•^Leaf-sheatli green . 

(h) Pine. 

(i) Bipe grains straw coloured. 

♦Leal-sheath green . « . . 

♦♦Leaf-sheath coloured . ^ 

(e) Medium. 

{%) Bipe grains straw coloured. 

♦Leaf -sheath green . « . » 

(ii) Bipe grains brown. 

♦Leaf-sheath green . • . 

(d) Ooarse. 

(t) Ripe grains straw o oloured. 

♦Leaf -sheath green . » . « 

(u) Bipe grains brown. 

♦♦Leaf-sheath coloured 

6. Kernels very long. (More than 8 m.m. in length.) 
(i) Bipe grains straw coloured. 

♦♦Leaf-sheath coloured 


Jhinidhan. 
(7*02 X 1-7 


Chinoor. 

(7“0x2*lxl-7). 
Bani kajar. 

(7-22 x 1-9x1*64), 

Bago. 

(7-75x2*2xi*84). 

Anterbed. 

(7-38 X2-27X 1-72). 

Buibuta. 

(7-02x2*55x1-8). 

Sironj. 

(7-86 X2*5X 1-82). 


Aranpapai. 

(8*18 X2-08X 1-8). 


(See Plat© XXVII.) 

In addition to the work described above a considerable amount of hybridization 
work has also been carried out since the year 1925 — ^the chief aim being to obtain a 
heavy-yielding strain which could be easily distinguished from the wild rices which 
infest the rice fields of the cultivator. Ordinarily the majority of the cultivated 
rices are very difficult to distinguish from the wild rices until the time of formation 
of the ears, the leaf -sheath in both cases being either green or purple. The variety 
Parewa, however, is an exception to this ride, as it possesses dark purple auricles, 
by virtue of which it can be easily distinguished in the field. Unfortunately it is 
comparatively speaking, a poor cropper. 

Hybridization was, therefore, resorted to with a view to combining the high 
yielding capacity of Bhondu with the dark purple auricles of Parewa and black 
purple leaf-sheath of Surmatia. The success attained in this direction has indeed 
been very gratifying, and we are to-day in a position to recommend fixed hybrids 
B. X P. No. 22, B. X P. No. 12 and B. X S. No. 23 (Plate NXYIII, fig;2 ; Plate 
XXXII, figs. 1, 2 ; Plate XXVIII, fig. 1 ; Plate XXXII, fig. 3 ; Plate XXIX ; Plate 
XXXI, fig. 2 ; Plate XXXII, fig. 4) combining all the desired characters referred 
to above* ■ 


II 
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The process involved a detailed study of the flowering and pollination and was 
rendered difficult by the smallness of the percentage of setting, 10 per cent., 

which we were able to obtain. The following table shows the time of opening and 
duration of flower in strain No. G. 17 ; — 


Flowers opened 

Flowers closed 

Duration 

9-41 

10*11 

30. mill. 

9-46 

10*20 

34. 

9‘56 

10-26 

30. 

10*15 

10-40 

25. 

10-15 

10-60 

35. 

10*28 

11-12 

44. 

10-50 

11*17 

27* 

10*51 

11*17 

26. 

10*56 

11*25 

30. 

10*55 

11*22 

27. 

10*65 

11*31 

36. 

10*57 

11*27 

30. „ 

10*59 

11*28 

29. 

11* 7 

11*42 

35. 

11*18 

11*43 

25. 

11*21 

11*52 

31. 

11*45 

12*15 

30. 

12* 8 

12*40 

32. 

12*35 

12*57 

22. 


The anthers burst almost exactly at the time of opening of the flowering glumes 
(Plate XXIII, fig. 2), and self-pollination is therefore the rule. Instances of natural 
cross-fertilization, however, are not uncommon in this province. 

The study of the inheritance of characters will form the subject of a separate 
paper, and it is not proposed to give here more than a brief history of our two 
important crosses. The following statement shows the parental characters, the 
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characters of the first hybrid generation, and the segregation obtained in the Fg 
generation : 


Leaf-sheath — 

Band and Auricles- 
Stigma— 

Apicnlus — 


Bhondu. 

Green 

White. 

White. 

Common. 


Ripe grains -With brown furrows, nerves pale. 


Kernels- 


Coarse. 


Leaf- sheath — 
Band and Auricles- 
Stigma — 

Apicnlus — • 

Ripe grains — 
Kernels — 


Parexm, 

Pink. 

Bark purple. 
Black purple. 
Purple 
Bro\>s n. 
Medium. 


Leaf-sheath — 

Band and Aurioles- 
Sfcigina — 

Apicnlus — 

Ripe grains — 
Kernels — 


Pink. 

Bark purple. 

Black purple. 

Purple. 

With brown furrows, nerves pale. 
Rather coarse. 


Pg* Family. 

Consisting of 2451 plants. 


Leaf -sheath pink. 

Baud and Auricles dark purple. 

Stigma black purple. Apicnlus purple. 

(1815) 


Leaf -sheath green. 

Band and Auricles white. 
Stigma white. Apicnlus common. 
(636) 


Ripe grains 
with brown furrows, 
nerves pale, 
(1343) 


Ripe grains 
Brown. 


Ripe grains 
with brown furrows, 
nerves pale. 
(462) 


Eipegrains 

Brown. 


r“ 

Medium. 

(1018) 


Medinm. 

(334) 


Medium. 

( 341 ) 


Medium 

(132) 


Fixed hybrid 

B.xP. No. 23. 


Fixed hybrid 
B.xP. No. 12. 


BJiondu, 

Leaf-sheath — Green. 

Stigina—White 

Ripe grains — "With brown furrows, nerves pale. 
Kernels — Coarse. 


< Surmcdia, 

Leaf-sheath — -Black purple. 

Stigma— Black purple. 

Ripe grains — ^Straw coloured with black apicnlus. 
Kernels — ^Medium. 


Leaf -sheath— Black purple. 

Stigma — Black purple. 

Ripe grains — ^Straw coloured with black apicuius. 
Kernels— Medium , 
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F,. 

Ist Family, 

Consisting of 1100 plants. 


L©af-s!ieatli black pnrpi©. 
(892) 


Lcaf-sbeatli green. 
(208) 


r 

Ripe grains 
Straw coloured. 
(662) 


^ 

Rip© grains 
with brown furrows. 
(230) 


■ rr"^ 

Ripe grams 
Straw coloured. 

(218) 


- ^ 

Ripe grains , 
with brown furrows. 
(80) 


Medium. 

(512) 


r — '1 rr 

Medium, Coarse, Medium. 

(168) (72) (167) 

2nd Family, 

Consisting of 1361 plants. 


Coarse. 

(51) 


MeCnni. 

(60) 


Leaf -sheath black purple. 
(1008) 


Ripe grams 
Straw coloured, 
(762) 


Ripe grams 
with brown furrows. 
(246) 


Leaf-sheath green. 
(343) 


r— 

Ripe grains 
Straw coloured. 

(247) 


Ripe grains 
with brown furrows. 
(9^) 


Medium. Coarse. Medium. 

(692) (170) (194) 


r 1 r“ 

Coarse. Medium. Coarse. Medium. 

(62) (199; (48) (65) 

3rd Family, 

Consisting of 1357 plants. 


Leaf-sheath black purple. 
(1025) 


Leaf-slieath green. 
(332) 


r 

Ripe graiDS 
Straw coloured. 

(756) 


“ 1 

Ripe grains 
with brown furrows. 
(269) 


Ripe Qains 
Straw coloured. 
(253) 


Ripe grains ' 
with brown furrows. 
(79) 


r 

Medium. 

(600) 


n 

Coarse. 

(156) 


Mechum. 

(186) 


Coarse. 

(84) 

Rixed hybrid 
B. X S. Ko. 23. 


MeiLm. C<mrse. Medium. 

(178) (75) (56) 
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Tlie coarse grained individuals in tlie Fg generation of the cross B«xP» posses- 
sing dark purple band and auricles and the coarse grained individuals from the 
cross B«xS. possessing black purple leaf-sheath in the tabulated results above, 
showed the desired combination, and attention was, therefore, concentrated on these. 
69 families (B.xP.) possessing the desired characters were raised in the Fg, and; 
11 were found to breed true. Of the latter, 7 best families were grown in the P 4 
generation, and all of these bred true. Similarly, 42 families (B.xS.) showing the 
desired combination of characters were grown in the FgandS bred true. Prom 
the latter, 3 best families were raised in the F 4 and all bred true. These then were 
tested for yield among themselves and against their parents. The testing of yield 
was carried out by the Latin Square method. The yield in ounces of each strain, 
repeated 13 times in plots (4'x4'), is noted below the varietal number in the 
plan below : — 
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The following table gives the’ineaE yields, standard deviations and the probable 
errors of the mean for each of the hybrids and their parents. The method of calcnla- 
ting these constants has been added as an appendix.'^^ 


Variety 

Mean 

Standard 

Diviation 

Probable error 
of means 

B, X P. No. 11 . ® ' , • • • • 

23-21 

3-67 

0*6877 


24*44 

1*69 

0*298 

” 16. 

2. >*04 

4-84 

0-9U67 


22-96 

4-85 

0*91 

20. 

24-13 

3-61 

0-66 

„ 22/1 

2G-02 

3*67 

0*6877 

„ 22/2 

22-98 

2-77 

0*5072 

B, X »S, No. 23. ■ . . . . ■ . 

26-59 

3-27 

0*6127 

„ 24. . . . 

26-5 

3*16 

0*5902 

,, 30. . . • • • • 

21-36 

3*63 

0'68 

Bhoadu . 

26-26 

■ 3*-84 

0*7194 

Parewa . 

21-68 

2*6 

0*4872 

Surinatia . . . . ♦ 

21-00 

2-63 

0*4928 

Nos. 22 and 12 from the cross B. X ] 

P., and No. 23 from the cross B. X S. stood 


out prominently, and it is worthy of note that these results coincided with those 
obtained in the field-scale trials as will be seen from the table below : — 


Hybrid Number 

Average yield per acre 
(1928 to 1930) 

B. X F. No. 11 

. ) . 


3265lbs 


> Grains brown . . . . . 

] 


B. X P. No, 12 

> 

( 

3566 „ 

B. X P. No. 16 

1 - 


3591 ,, 

B. X P. No. 19 

1 


3243 „ 


^ Grains with light brown furrows 

i 


,, 20 


1 

3539 „ 

.. 22 

J 

1 

L 

4039 „ 

B. X S. No. 23 

] 

r 

4336 „ 

24 

V Grains with light brown furrows 

j 

1 

3698 „ 

36 

f 

J ' 

1 

L 

3433 „ 


These fixed hybrids show better performance in the field than their parents and 
with the ,added advantage of being readily distinguished from the wiki rices should 
find much favour with the cultivator. 


Considerable as these achievements have been, there still remains a vast field 
for further work. The elimination of the weak straw character of most of our rices 
demands immediate attention. It may be possible to transfer by crossing the 
strength of straw of cei*tam improved strains of Luchai to oui* weak strawed but other ^ 
wise high-yidding varieties of rice. 


*Page 
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Appendix. 


Serial No. 

B.XP. No. il j 

B.xP. No 12 

Yield 

(Yield)i> 

Yield 

(Yield)2 


1 

• 22*50 

606-3 

24-50 

600*3 

2 

26*50 

702*1 

20-76 

430*7 

3 

24*00 

576*0 

26-00 

676*0 

4 

23-25 

640*5 

26-50 

650-1 

5 

ia*oo 

361-0 

22-75 

517*6 

6 

18-00 

324*0 

23*60 

552-4 

7 

24*00 

576*0 

23-00 

629-0 

8 

19-00 

3610 

24*25 

588*0 

9 

28-25 

798-0 

25-00 

625-0 

10 i 

27-00 

729 0 

26*00 

676-0 

11 : 

21*75 

473*2 

25-60 

660-1 

12 

19.00 

361-0 

24*50 

600*3 

13 

29-50 

870*2 

26*50 

702*1 

Total 

301-73 

7178*3 

317*76 

7797 -a 

Mean = 23*21 

13 

Mean == 317*75 _ 24*44 

13 

0 


G 

y’’fp-(24-44)» 


= v' 552-2 — 538-8 



^ -i/599'81 — 697-3 


= vi¥h 



=: . a72^' ■ „ 


<= 3-67. 



= 1-59. 

o ^ _ 0-6745 X 3-67 

P. 

E. of mean =:0-6746xl:69 

V . 

13. 


v-is 


. 0-6877. 



« 0-298. 




1 
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Serial No. 

B.XP. 3S1 

o 

m 

© 

B.XP. 

No. 22/1 


(Yieid)2 

Yield 

(Yield)® 

1 

21*50 

462*2 

22*26 

405*2 

2 

21*00 

441*0 

25*75 

663*1 

3 

23-00 

529*0 

29-00 

841*0 

4 

24*75 

612*7 

31-50 

992*0 

5 

20-50 

420*3 

24-76 

612 7 

6 

26-50 

702*1 

27-50 

756*1 





m 

7 

23-60 

552-4 

27*00 

729*0 

8 

25-00 

625*0 

27*25 

742*7 

9 

28-60 

812*1 

27*50 

766*1 

10 

27-25 

742-7 

27*00 

729*0 

11 

27-60 

656-1 

30*25 

914*9 

12 

16-00 

256-0 

19*00 

361*0 

13 

28-76 

826-8 

19*50 

380*0 

Total 

313*76 

7738*4 

338*25 

8973-0 


313*75 

Meaii= — jj-=24 13. 


Mean- 


338-25 

13 


= 26*02. 





7738*4 


13 


< 24 * 13)2 


= v'595-;j— 682*25 


-v' 13*05 
■= 3*6L. 


P. E. of ineaE - 


0-6745x3*61 


^ „ /8973 0 

"V 13 -(26*02)2 

= y 690*23—677*04 

= ^/i3^ 

=. 3-67. 

0*6745X3*67 

P. B. of meaa= 

13 




0 * 66 , 


= 0*6877. 
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Serial No, 


298-75 


6963-0 


Yield 


21-50 

25*75 

21-50 

26-00 

20- 75 
19-50 
23-25 
25-75 
23-25 
24*50 

21 - 00 
38-25 
27-75 


B.xP. No. 22/2 


(Yield)® 


462-2 

663-1 

462-2 

476*0 

430-7 

380-2 

540*5 

6631 

540-6 

600-3 

441-0 

333-0 

770-2 


B.XS. NO. 23 

Yield 

(Yield) a 

30-60 

930-3 

29-50 

870*2 

26-50 

660-1 

31-50 

992-2 

26-00 

676-0 

23*76 

563-9 

26-60 

660-1 

26-26 

689*0 

28-25 

798*0 

25*76 

663*1 

27-00 

729*0 

18-25 

333-0 

28-00 

784-0 

346-76 

9328-9 


Mean = ?ii^ = 26-59. 
13 


/ 9328-0 

° “ v/ ~W' ~ (28-69)2 

= v^TlT-eO — 706-9 

= -^'W? 

= 3 - 27 . 

0-6743 X 3-27 

P. E. of mean ' ^ — 

v^i3 

-0^6127, , .. 
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Meaa= ®^^=26-S. 


^ /925t}-' 

V ^ 13" 


. E, of mean = 


= '^712-03— 702-1 
= '^ 0-93 
=3-15. 

0 6745 X 3-1S 
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Serial No. 


Bhondu 

Yield 

(Yield)2 

22-00 

484*0 

28*50 

812*1 

29*00 

841*0 

27*75 

742*7 

22*75 

517-6 

29*75 

885-1 

21*25 

473*2 

25*50 

650*1 

28*00 

784*0 

27*75 

770*2 

29*25 

855*5 

19*50 

380*2 

31*00 

961*0 

.341*50 

9156*7 


Parewa 


Mean= =26-26. 

x>s 


_ a /9156-7 
'V Vo 


-(26*26)2 


,P. E, of mean^ 


= A04*36 —689*6 
= ^14-76. 

«3*84 

„ 0*6740 x 3*84 


21*00 I 

26*00 
24*00 

I 

23*00 I 

I 

21*00 I 

20*00 I 

I 

280*50 i 


(Yield}2 

370*5 

600*3 

484*0 

225*0 

420*3 

441*0 

617*6 

441*0 

676*0 

676*0 

529*0 

462*2 

400*0 

6142*9 


«0*7194. 


Meaii= --|^~=21-.68. 
.6142-9 

® = V -1^-(21-58;s 

= '-'^-5 — 46F8 
= ^-'6-7 
= 2 - 6 . 

, „ . 0-6746 x 2-6 

P. E. or meaa= ~ — - 7 =;- 

'•^13 

=0-4872. 




Surmatia 


0-6743X2-63 


P. E. of mean’ 
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Cahulation of statistical significance. 







Dif, of 




P. E. 

Difference 

P. E. of 

mean*-^ 


Variety 

Mean 

of 

of 

difference 

P. E. of 

Remarks 


mean 

mean 

of mean 

dif. of 







mean 


B. X P. No. 11 . 

23-21 

0*69^ 

3-05 

0-99 

3*09 

Insignificant* 

Bhondii 

26-26 

0*72) 




B. X P. No. 11 . 

23-21 

0*69^ 

1*63 

0-84 

1*9 

Do. 

Parewa 

21-58 

0-49) 





B. X P. No. 12 . 

24-44 

0-29^ 

1-82 

0*78 

2*33 

Do. 

Bliondu . 

26-26 

0-723 





B. X P. No. 12 . 

24-44 

0-29 -j) 

2*86 

0-57 

5*0 

Significant. 

Parewa 

21-58 

0*49 5 




B. X P. No. 15 . 

25-04 

0-90-^ 

1*22 

1*15 

1*0 

Insignificant*. 

Blioiidu . 

,26-26 

0-72 5 




B. X P. No. 15 . 

25-04 

i 

0-90^ 

0-49) 

3-46 

1*02 

3*3 

Significant. 

Parewa . 

j 21-58 





B. X P. No. 19 . 

1 22-96 

i 

0-91^ 

3-30 

1*34 

2*4 

Insignificant^ 

Bhondu « 

26-26 

0*72) 





B. X P. No. 19 . 

22*96 

0*91 ^ 
0*42) 

1*38 

1-03 

1*3 

Do. 

Parewa 

2i -58 





B. X P. No. 20 . 

24-13 

0*66 ^ 

t i 

2-13 

0*97 

2*2 

Do. 

Bliondu . 

26-26 

0-72) 





B. X P.No.2'0 . 

24-13 

0-66 j 

2 55 

0S2 

3‘11 

Do. 

Parewa . , 

21*o8 

0-49; 





, B. X P. No. 22-1 

26*02 

.0-68 

0-24 

0*99 

0*24 

Do. 

Bhonda • . 

■ 26-26 

0-72) 





B. X P. No. 22-1 

26*02 

0-681 

4-44 

0-84 

5-3 

Significant. 

' ' Parewa 

21*58 

0 - 49 ) 



- 




Ilf 







'i'v'"* " j -V 

wh ’i'ji '. ' 
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Calculation of statisiieal significance — contd. 


Bif. of 
mean 
P. E. of 
dif. of 
mean 


Difference 


P. E. of 
difference 
of mean 


Variety 


Mean 


mean 


mean 


Significant, 


Bliondii 


Insignificant. 


Parewa 


Bliondu 


Significant. 


Surmatia 


Insignificant. 


Blionclu 


Significant. 


Surmatia 


BlaondU' 


Insignificant. 


Surmatia 





POSSIBLE LOSSES OF FEETILIZING CONSTITUEiVTS IN THE 

MANURING OF PADDY. 

BY 

J, CHAELTON, M.Sc., F.LC., I.A.S., 

Agncultuml Chemist, Bunia. 

{Received for publication on the 3rd February, 1931.) 

(With three gTiiplis.) 

Inteobucioby. 

Certain recent manuring experiments on paddy at Miidon and Akyab suggested 
a lack of response to soluble ammonium phospliate maitureSj such as Leiinaplios 
and DiammonphoS; although these gave excellent results at other places in Burma. 
This inefiectiveness may be expected to be due to one or other of the following 
causes : — 

A. The fertilizer is unsuitable to the crop or soil or both. 

B. Eeduction of ammonia to nitrogen and loss as gas. 

C. Eapid loss by percolation into drainage and seepage water. 

D. Loss by erosion. Fertilizer may be carried away either in suspension or 
in true solution. 

A complete survey of the above possible causes of loss was not attempted, the 
main object being to discover if intrinsic differences in soil caused the observed 
failures. At both Mudon and Akyab the rainfall is exceedingly heavy, and it is not 
possible to drain off the standing water before applying the manure and subsequently 
well harrowing in as is usual in most districts in Burma. As regards this point, it 
was actually found at Hmawbi that whereas excellent response to Leunaphos and 
Diammonphos is obtained when the manures are applied to the land after first 
running off the standing water, sowing the manures in the standing water gave 
a significantly smaller increase. This fact required explanation, and was kept in 
wiew in the subsequent laboratory investigation. The absorption of ammonia and 
phosphate by soil has attracted much attention since the chemical ideas evolved by 
Way 80 years ago. The application of Preundlich's absorption curves and equations 
led to consideration of the absorption of phosphate and other substances as physical 
absorptions [Prescott, 1916 ; Harrison and Das, 1921]. This physical theory has been 
criticised by Fisher [1921] and Comber [1924]. The influence of the pH at which 
absorption occurs has been extensively investigated in America [Starkey and 
‘■■Goidan, 1.922; Fraps, 1922; Eoszmann, 1927; Teakle, 1928 ; Miller, 19281, as a 
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result of which it appears that in acid soils phosphate is combined with Fe and Al, 
and in neutral or calcareous soils with Ca, Some phosphate is probably in organic 
combination, however, [Teakle, 1928; Auten, 1923]. At the present time'^itis 
generally considered that most of the phenomena involving soil acidity, base 
exchange and absorption may be explained as chemical reactions subject to the law 
of mass action, with the important proviso that one of the reactive ions forms part 
of a colloidal phase. Thus when soil is treated with a neutral salt solution, there 
is an interchange of cations between the solution and the reacting colloids in 
chemical proportions. At equilibrium the amount of ions absorbed and replaced 
is an exponential function of the equilibrium concentration of the replacing ion in 
solution. Hence the reaction follows the general type of Preundlich^s absorption 
curves and equations. 

PBELIMINAEy EXPERIMENTS. 

A. Since both Leunaphos and Diammonphos give excellent results in most 
localities, their failure in others does not necessarily mean that they are unsuitable 
there, since the failures may be due to the method of application of the manures. 

B. A rough test to discover if the ammonia in such manures may be reduced 
to nitrogen was carried out as follows. Bottles containing 1,000 grm. paddy soils 
and 2,000 c.c. water were allowed to stand for nine weeks. To certain of the soils 
was added Leunaphos at the rate of O'l grm. nitrogen per 1,000 grm. soil. The 
evolution of gas was noted. The maximum evolution was lO’OO c.c. in the manured 
bottles, and the average of the controls was -3-0 c.c. As it happened, the gas could 
not be analysed, but even assuming that the difference were nitrogen, the loss is 
not sufficient to account for the failure of Leunaphos with such a soil. It should, 
of course, be remembered that the evolution of gas from paddy soils depends very 
largely upon whether the soil is cropped or not, and the greater part of the nitrogen 
begins to be lost at about flowering time [Harrison and Subramania Aiyer, 1916], 
whereas in unoropped sods the evolution of nitrogen is fairly uniform. The experi- 
ment was therefore very inadequate, but it served to answer the question as 
to whether application of manures with first ploughing instead of at transplantiug 
was allowable or not. Obviously there is no objection, provided that there is no 
loss by erosion or percolation from the field. 

C. Paddy soils from Akyab, Mudon, Mandalay and Hmawbi were taken, 1,000 
gem. of each soil beiug placed in inverted Winchester quart bottles, the bottom of each 
of which had been removed, arrangements having been made to collect the percolate 
through the necks of the bottles. The soils were worked up with distilled water 
before they were put in the bottles, and after introduction a constant head of 3" 
distifled water was maintained until the percolate was clear in all cases. At this 


I 
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point Leunaphos equivalent to 0‘1 grm. nitrogen was added to all the bottles and 
the percolation waters collected separately. The percolate was analysed for each 
of drainage in the case of Akyab and Mandalay soils, but drainage was so slow in the 
case of the other soils that only one analysis could be done. It was found that the 
nitrogen content in the successive percolates from the Akyab and Mandalay soils 
diminished, but only the totals for the whole period are given below in Table I. 


Table I. 


Composition of drainage water from manured paddy soils {grams per litre). 


Soil 

Percolate 

collected 

Collected 

in 

Drainage 

equivalent 

to 

Composition of percolate per litre 

XH 4 
Salts 1 

Albuminoid 

ra. 

1 Nitrate 

K 

Nitrite 

N 


Akyab 

3 litres 

‘ 23 days 

12 " 

0-00212 

C *00 187 

nil 

0-0000002 

nil 

Mandalay 

3 litres 

30 days 

12" 

0-00023 

C-00()30 

nil 

nil 

nil 

Hmawbi . 

£50 c. c. . 

5 weeks 

1" 

0-00009 

0-00453 

0-00010 

0-0000020 

nil 

Miidon 

335 c. c. . 

5 w’eeks 

i-sr 

0-00259 

0-00078 ! 

nil 

0-0000050 

nil 



CAnimoiiia stated ill terms of 111 trogen,.] # 

The rate of percolation obviously slowed down considerably during the five weeks 
which the experiment lasted, but assuming that no such slowing down occurred, 
the following amounts of added nitrogen w’ould have been lost in six months : — 

Per cent. 

From Akyab soil . . . • . . . • 95 1 

,, Mandalay soil . . . . . . . . ^^ [.Approximately. 

„ Hmawbi „ . . . . . * . * ^ | 

„ Modon „ • 6J 

It is seen that Miidon and Hmawbi lose about equal amounts of nitrogen, while 
Mandalay loses a little more and Akyab most of all. No appreciable amount of 
phosphate was lost in any case. It is obvious that had it been possible to continue 
observations for the whole period of six months instead of assuming that the rate 
achieved in 6 weeks would be continued, the nitrogen found in percolates would 
have diminished considerably and the losses of nitrogen by drainage would have been 
found to be much smaller. The very empirical nature of the experiment must also 
be remembered ; likewise the absence of a growing crop which would have competed 
for the nitrogen. It may be noted that loss of phosphate from highly unsaturated 
soils under heavy rainfall does occur [Eobinson and Jones, 1927]. Basic slag has 
been found to be fugitive under such conditions. 

D. Assuming that ammonia is chiefly exchanged in the ordinary way as a 
replaceable base, loss of ammonia would not be expected unless the finer particles of 
soy are carried over the tops of the bunds by heavy rain or floods. 
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Akyab 


Mudon 


Time 

of 

standmK 


A ivt Dionium Albuminoid 
salts ammonia 
( as N) (as N) 


Nitrate Nitrite 
N N 


4S hours 
43 hours 
43 hours 
43 hours 


Mandalay 


Hmawbi 


i Mandalay 


0*01711 0-00166 nil 

0-00392 0-00083 nil 

0-01330 0-00218 nil 

0-00550 . 0-00089 nil 


nil Traces. 

7iil Slight traces 


0*01873 0-00321 ml nil 

0-00253 0-00380 0*00034 0*00008 

0*01482 0-00502 nil nil 


In actual practice the depth of the cultivated layer of paddy soils is 5"~&" at 
most. Winchester quart bottles containing samples of 1 kg. each of Mandalay, 
Mudon, Akyab and Hmawbi paddy soils were taken and distilled water added until 
on settling the depth of water over the soils was about 6". The actual relative 
amounts of dry soil and water used were one of soil to two of water. This corre- 
sponds fairly well with a depth of 5" of water over a cultivated paddy field. To each 
bottle was added Lemiaphos = 0‘1 grm. nitrogen, the bottles were shaken vigorously 
for about one minute and subsequently allowed to stand. The Leunaphos used in 
all experiments quoted had the following analysis : — 


Water soluble 
Citrate „ „ 

„ insoluble PoOg 
Total P.Og . “ . ‘ 

Nitrogen 


Per cent, 
. 17*49 
- 0B5 

. nil, 

, 18*34 
. 19-51 


The experiment was done in duplicate. One series was sampled after 43 hours 
and the other after nine days, as much water as possible being siphoned off in each 
case, taking care not to disturb the upper layers of soil. At the time of sampling 
the turbidities of the supernatant liquids were as follows in both cases : — 

Akyab >Mudon >Hmawbi >Mandalay. 

The results of analysis are given in Table 11. 


Table II. 

Fertilizing GomliluenU in solution or susjgension {gmms per litre). 


. Hmawbi , 


0*00428 


0 * 002 ^) 


nil 


nil 
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A depth of 5" of water over one acre corresponds to 1,130,000 lbs. of water 
approximately. Table II may be re-written showing the number of pounds of 
fertilizing constituents in solution or suspension after 4:4 hours and 9 days, respec- 
tively. These data are shown in Table III. 

Table III. 


Lbs. peT (ton of fertilizing constituents in solution or suspension. 


Time 

of 1 

standing 1 

Soil 

Ammonium 
salts 
(as N) 

i 

Albuminoid 
ammonia 
(as K) 

Nitrate 

N 

Nitrite 

N 

SA 

43 hours , 

Akyab 

19*33 

1-88 

nil , 

7iil 

Traces 

43 hours , 

Mandalay 

4*43 

0*94 

nil 

nil 

Traces 

43 hours . 

Mudon 

1603 

2-46 

7Ul 

nil 

Traces 

43 hours . 

Hmawbi . 

6*22 

1*00 

7iil 

nil 

7Ul 

9 days . 

Akyab 

21-16 

3*63 

nil 

nil 

Traces 

9 days 

Mandalay 

2-86 

0-43 

0-38 

0*09 

Traces 

9 days * . 

Mudon • 

16-75 

5-68 

nil 

nil 

nil 

9 days . , 

Hmawbi . 

4-84 

2-83 

nil 

nil 

nil 


If it is assumed that the cultivated layer of paddy soil weighs 1,000,000 lbs. 
per acre, a figure fairly near the actual, the amount of Leunaphos applied corre- 
sponds to 100 lbs. of nitrogen per acre. This is a rather heavy dressing, but smaller 
quantities caused difficulties in analysis because actually the amounts of the various 
soils in hand were not very great, and hence only one-tenth of the previously used 
quantities could be made use of in later experiments. 

It was considered that the rough experiments described clearly showed that a 
large part of the nitrogen in ammonium phosphate manures, such as Leunaphos, 
may remain either in true solution or in suspension almost indefinitely under paddy 
field conditions, and is therefore very hable to be lost if the water rises over the 
bunds. Under comparatively dry conditions run-oflt water from plots under a 
comparatively low rainfall of 36"-37" per annum has been found to contain 
negligible amounts of plant food in solution, calcium and sulphur only being of 
importance. On the other hand, the eroded soil contained as much as 98'8 lbs. 
17 and ITA lbs. P, per acre [Duley, 1926]. Further, no fertilizer was applied to 
these plots. 
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no ' alkali added. Aliquots were witMrawn to represent tke clajj clay flus silt 
and average sample, altliongh the latter gave considerable trouble since it is not easy 
to sample soil/water mixtures containing fair amounts of coarse fractions. The 
results of analysis for nitrogen and phosphate are shown in Table V. 

Table V. 

Distribution of ammonia {as N) and soil fractions {grams per litre) ^ 


Average sample. 







Ammonium salts 
(asN) 
0-0434 

0-0457 

Silt j[ilu8 clay . 

• 

• 

■. 


. 

• 

0-0494 

0-0472 

Clay 

. 


* 

• 

• 

• 

0-0158 

0-0088 


The time/depth ratios used were 10*0 cms. in 8 hours at 20°C. for clay and cor- 
respondingly for silt.* It should be noted, however, that the soil aggregates were 
in no way broken up and the coarser fractions would have a coating of clay. Also 
the concentration of soil in water was many times greater than is customary in 
mechanical analysis by sedimentation. In spite of these limitations, it appears clear 
that the whole of the ammonia and phosphate which is absorbed or exchanged by 
the soil particles is removed by the fine part-icles of silt and clay (Atterberg Scale), 
but whereas about 30 per cent, of the ammonia in the given soil is withdrawn by the 
clay or is in true solution, a much smaller amount of phosphate is in true solution, 
or on the clay particles. Hence although losses of ammonia from paddy soils may 
be serious, losses of phosphate will be correspondingly smaller. 

Effect of various treatments of soil on ammonia and PgOg retained by the 

CLAY FRACTION. 

Mudon soil is moderately sour paddy soil, pH=6*95. It w^as therefore decided 
to lime to neutrality with various reagents and to add organic matter in various 
forms to see if the fertilizing constituents carried by the clay or in solution could be 
reduced. For this purpose the soil was neutralized with CaCOg, Ca{OH )2 and a 
mixture of Ca(HC 03)2 and CaCOg, since in the proportions of soil and water used, 
Ca(HCOg )2 solution could not bring the soil to neutrality. The Lime Eequirement 
was determined by Hardy and Lewis's method [1929], and was found to be0’2144 grs. 
CaO per 100 grm, soil. In addition, one lot of 1,000 grm. soil received a dressing 
of 2| grm. cattle manure, which was equivalent under the conditions to one ton per 
acre approximately, and a further lot received 2| grm. paddy straw. To each bottle 
containing the soil and water mixture was added 0*1 grm. N as Leunaphos, and 
the bottles were shaken vigorously for a few minutes. The clay fractions of eaBh 
were sampled at once, after one week, one month, and after nine weeks, using the 
depth ratio for clay 10 cms. in 8 hours at 20°C. In the samples withdrawn the 
Bevised Official British. Method for Mechanical analysis Agri, BcL 18 (1928), pp. 734-739.] 
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ammonium salts and albuminoid ammonia were determined by Nesslerization, and 
the P2O5 was determined by the ammonium phospho-molybdate method. Results 
are given in the Table VI. 

Table VI. 

Fertilizing eomUluenta in clay fractions of soil mtJi varying treatments 
{Leunaphos = O'l grm. N added). 


- — 

Untreated 

soil 

2 | grm. 
cattle 
manure 

grm, 

paddy 

straw 

Limed 

with 

GaCOa 

Limed 

with 

Ca(OH) 5 i 

Limed 

with 

CaCHCOa), 

plm 

CaCO,. 

First day. 

1 







NH 4 salts . 

• 

0-01580 

001976 

0-01872 

0*01672 

0*01692 

0*01701 

Albuminoid ammonia . 

• 

0-00486 

0-00741 

0*00764 

0-00768 

0-01590 

0-00103 

P 2 O 5 . . • • 

* 

0-0088 

00164 

0-0126 

0-0160 

0-0175 

nil. 

Afte/r one weeh, shaking night I 
and morning. 







Ammonium salts . 

• 

0-01564 

0-01628 

0-01648 

0-01375 

0*01293 

0*01669 

Albuminoid ammonia . 

• 

0‘00622 

0*00741 

0-01688 

0*00272 

1 

0*00268 

0*00186 

P 20g . • . . 

• 

o-oiia 

0*0138 

0-0250 

0-0075 

nil. 

nil. 

■ 

After one month, shaking night 
and morning. 



1 




Ammonium salts 

• 

0-01688 

0*01976 

0,01260 

0*01962 

0*01635 

0-01688 

Albuminoid ammonia . 

• 

0-00663 

0*01962 

0*00226 

0*00144 

0*00074 

0-00050 

P gOg . • C ta • • • 


0-0163 

0*0288 

traces. 

nil. 

nil. 

traces. 

After nine weeks, shaking night 
and morning. 







Ammonium salts . 

• 

0-02075 

0*02701 

0-01804 

0*02092 

0-02186 

0*02641 

Albuminoid ammonia . 


0-01872 

0*02872 

0-00231 

0*00107 

0*00124 

0-00124 

P.0, .... 

• 

0-0213 

0*0461 

0-0076 

traces. 

traces. 

' nil. ' ' 


From these results it is seen that the various treatments have the following effects 
after nine weeks : — , 

1. No treatment. salts, alb. NHg and P^Og. all increase considerably. 


i 

I 


i 

I 

I 

I 









Limed 

with 

Ca(HCOa): 

phis 

CaCOg 


Limed 

with 

Ca(OH), 


Limed 

with 

CaCOg 


2-1 gm. 
cattle 
manure 


grm. 

straw 


0*02302 


0*00014 


0*00144 


0*00021 


0*00033 
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2. Cattle manure. As No. 1 but to a greater extent. 

3. Paddy straw. NH 4 salts remain approximately constant, while alb. NH 3 

and PaOg diminish. 

4. Liming with CaCOg, Ca(HC 03 ) 2 or Ca(OH) 2 . 

The final effect of liming to neutrality is that NH 4 salts remain substantially 
as in the untreated sample, whereas albuminoid ammonia and PgOg are diminished, 
the latter becoming negligible. Since loss of P 2 O 5 is in general not feared, none of 
the above treatments is of much use in reducing loss of fertilizing constituents in 
what may be regarded as the clay fraction. 


The Ultra- clay Fraction. 

It now became of importance to discover whether the ammonia and PgOr, was 
actually on the clay particles or in solution. For this purpose it was first decided to 
allow the mixture of soil, water and Leunaphos to sediment so that fractions 
corresponding to one-tenth the size of clay particles could be obtained. At the 
average temperature of the laboratory, this corresponded to sampling at a depth 
of 5'6 cms. after 14 days. 

At this time turbidities were as follows : — 

Straw > Utitreated> Lime treatment > Cattle manure 


(Eeddish yellow.) (Opalescent.) (.Ail slightly yellow and (Water clear and no 

faintly opalescent.) colour.) 


Results are given in Table VII. 

Table VII. 

Fertihzing constituents in ultra-clay fraction of soil, (Leunaphos 
— O'l grm. N added.) 

[Soil =- 1000 grm. ; water = 2000 c.c. ; NH4 (as N) in grms. per litre.] 


ISTfiCi salts . 
Alb. NH 4 

PA • * 


0*01581 0*01696 


000066 0*00115 


Untreated 

soil 


0*01532 

0*00041 

nU. 
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From these results it appears that liming with Ca(0H)2 or a mixture of Ca(HC03)2 
and CaCOg tends to reduce the ammonia on the ultra-clay particles, but on the 
other hand, treatment with CaCOg alone had no such effect. The absence of 
in ail cases is noteworthy. Soluble PgOg is completely withdrawn from solution 
before the lapse of nine weeks whether the soil is treated with cattle manure, straw, 
or limed, or remains untreated. 

It was thereupon decided to centrifuge the soil/water mixtures until they were 
quite clear, in order to discover whether the ammonia was actually carried by fine 
clay particles, or was in solution. The mixtures were centrifuged for four to five 
hours at gravity X 1500 with the results given in Table VIII. 


Table VIII. 

Ammonia in solution after 9 ueeks’ contact with soil. Leunaphos=0-1 grm. N added. 
[Soii=1000 grms. ; water=2000 c.c. ; NH4 (as N) in grams per litre.] 


1 

f ■ 

i 

\ 

Uutreated 

soil 

2 |- grm. 

cattle 

manure 

2i grm. 

paddy 

straw 

Limed 

with 

CaC 03 

Limed 

with 

Ca:OH), 

Limed 

with 

Ca(HC 03 ), 

plus 

CaCOa 

NH 4 salts . • . . 

0-01610 

0-01474 

0-01669 

0-01808 

o-mu 

0-00947 

Alb, NH 4 . • , . 

Nil 

Nil 

0-00144 

0-00021 

0 00016 

0*00144 

pH . . • . 

5-G 

6-1 

6*8 

7*2 

7*8 

7-2 


It is therefore quite clear that even with a dosage of approximately 100 lbs. N per 
acre, applied to wet paddy land in absence of a crop, considerable amounts of nitro- 
gen may remain in solution in the water even after an interval of nine weeks. Whe- 
ther liming would or would not reduce this remained uncertain. From the pH of the 
water after centrifuging it appeared possible that the smaller amounts of ammonia 
occasioned by liming with Ca(0H)2 and Ca(HCOg)2 as compared with CaCOg might 
be due to slightly heavier doses of CaO in these cases. To discover whether 
this was so or not, it was decided to lime the Mudon soil with increasing quantities 
of CaCOg. The lime requirement of the soil is 0‘2144 grm. CaO or 0’383 grm. CaCOg 
per 100 grm. soil. To a series of 100 grm. soils in shaking bottles was added 'Uii; 


i, 1 
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0-2 gm.,; 0’4 gm., 0*6 grm., 0*8 grm. and 1.0 grm. CaCOs, To eacli was then added 
200 c.c. distilled water, and the flasks. were closed, and shaken, for 2 days in an end- 
over-end shaking machine,. Subsequently Leuiiaphos 0*01 grm. nitrogen was 
added to each, and the flasks again shaken for 2 hours, after which the contents of 
the flasks were, centrifuged, for 4 hours and the clear extract analysed for aiii.iBonium 
salts, and albuminoid 

Results are shown in Table IX, 

■ ' Table IX, 


The e^ect of lumng beyond neutrality on mrtmonia m sohiion. Ler.nap1m='f)'l grm^ 

N added, 

[Soil==l,000 grms. ; water= 2,000 e.cs. NH4 (as N) in grins, per litre.] 



No lime 

0*2 grm. 
OaCOa 

0*4 grm. 
CaCOs 

0*6 grm. 
CaCO,, 

0*8 grni. 
CaCOa 

1-0 grm. 
CaCOa 

NrS[^ Sfilti . n .0 • 

0*01692 

0-01480 

0-01614 

Spoiled. 

0*01882 

0-01960 

Alb. NH 4 . 

Nil, 

0-00049 

0-00124 

Spoiled. 

0*00062 

mi. 


The results in Table IX mdicate that heavy liming tends on the whole to in- 
crease the amount of salts in solution in the soil- water. The reason for the low 
results obtained with soils which had stood in contact with water for prolonged 
periods is not understood, but the conditions did not preclude bacteriological activity. 
Certainly CaCOg has no beneficial effect immediately, and whether it would do so 
after a longer time can perhaps be best settled by studying a (‘alcareous soil in its 
relationship with ammonia solutions. 

DiSTRIBUTIOK of ammonia and P2O5 IN SOIL AND WATER WITH VARIOUS 

SOILS. 

It was first oi all necessary to determine a suitable time for reaction between 
soil, water and fertilizer. Accordingly 100 grms. soil, 200 c.c. water and 0*01 grm. 
hr as Leunaphos were shaken with Mandalay, Mudon and Akyab soils for 15 minutes, 
2 hours and 20 hours, respectively. In this and all subsequent experiments the tem- 
perature was kept as nearly as possible at 30 ^ 0 ., but a thermostat was not available. 
Actually V'ariation was about ± 1 °C. After this time the solutions were centrifuged 
till clear and analysed for ammonia and The results obtained are shown in 

TableX. ■ ■ . ■ 


t 
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Table X. 



Varying tM period of shaking. 

(Soil=1.000 grms. ; water=2,000 c.c. ; LeDnap]ios=0‘51 grms. ; N and PaOj as 

grms. per 2000 c.c. 


• — 

— 

Mandalay 

Mudon 

Akyab 

“ s 

Ammonium salts 

0-00S71 

0 03260 

0-05440 

‘ IS minutes’ shaking 

Albuminoid ammonia 

0^00371 

0-00494 

0-01160 

1 

P.0, . . 

0-0040 

0-0030 

■ 0*0120 


Ammonium salts 

0-00696 

0-02o4.'5 

0-066i)0 

1 2 hours" shaking 

Albuminoid ammonia 

0-00050 

0-00247 

0-00190 


PgOg . . • 

0-0021 

<0-0005 

0-0060 

■I . 

Ammonium salts 

0-00676 

0-03100 

0-03665 

j 20 hours’ shaking . 

Albuminoid ammonia 

PA • . • 

0-00082 

0-0005 

0-00206 

<0-0005 

0-00716 

Faint traces 
only. 


It appears clear that the reaction between soil and ammonia is generally more 
* quickly completed than the reaction between soil and phosphate. Two hours ap- 

peared to be a suitable time of reaction, and this was adopted in all further experi- 
ments. The fact that phosphate absorption appears to be incomplete in two hours 
should be noted. 

The results obtained with Mandalay, Akyab, Mudon and Hmawbi soils under 
such conditions are given in Tables IX to XIV. The smaller quantities of ammonia 
^ in solution were determined by Nesslerization. In the case of the phosphate esti- 

mation this was done by the phospho-molybdate method, but quantities which could 
,j • jjQt Ije titrated were estimated by inspection of the amount of yellow phosphate. It 

was not considered worthwhile to adopt a more accurate method for estimating 
sma hftT quantities of phosphate as it was obvious that losses of phosphate were of 

a much smaller order of magnitude than losses of ammonia. 

Freundlich’s equation — kG , in which y is the amount of ammonia or 

PO absorbed by m grms. of soil, C the equilibrium concentration of the solution 
after two hours’ shaking ; k and p being constants, was applied to the results for both 


t 

1 


1 

i 

;i 

1 

i 
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ammonia and phosphate ahsorptions. Graphs I and II show these results for am- 
monia and P2O5 respectively, log C being plotted against log y* 

Table XL 

Varying the dosage of Leunaphos when amounts of soil and water are constant » — 

Mandalay soil, 

{Soil=: 1,000 grms, ; w^ater=2,000 c.cs, ; N and as grams per 2,000 c.cs.) 


Leunaphos applied 

— Nitrogen • ' 

=PA • • • 

Nil. 

ml. 

NU. 

0*0512 

0*0100 

0*0094 

0*1024 

0*0200 

0*0188 

0*2560 

0*0500 

0*0470 

0*5125 

0*1000 

0*0940 

5*125 

1*0000 

0*9400 

51*2.>^ 

10-0000 

9*4000 

512*5t 

100*0000 

" 94*0000 

NH 4 Salts (as N) in solu 

0-00050 

O-O00S2 

0*00102 

0*00272 

0*00695 

0*22400 

6-18000 

78-4000 

tion (C). 









Albuminoid NH 3 (as N). 

0*00090 

0*00056 

0-00054 

0*00033 

0*00050 

0*00092 

0*00514 

0*0461 

NH 4 (as N) absorbed [y) 

•• 

0*00918 

0-01898 

0*04728 

0*09305 

0*7760 

4*8200 

21*6000 

in solution {C) 

• • 


. . 

.. 

0*0021 

0*0821 

1-9030 

62*0900 

PjjOfi absorbed [y) 

•• 

-• 

*• 

•• 

0*0919 

. 0*8779 

7-4970 

31-9100 


* Faintly coloured. t Strong yellow brown colour. 

Table XII. 


Varying the dosage of Leunaphos when amounts of soil and water are constant — Ahyab 

soil. 


(Soil=l,000 grms. ; water==: 2,000 c. cs. ; N and grams per 2,000 c. cs.) 


Leunai>bos applied 

Nil 

0-0612 

0*1024 

0*2560 

0-5126* 

5*125 

51*25 

512*5 

s= Nitrogen . 

Nil 

0-0100 

0*0200 

0*0500 

0-1000 

1-0000 

10*0000 

100*0000 

-P. 0 , « . . 

Nil 

0-0094 

0*0188 

' 0*0470 

0-0940 

0*9400 

9*4000 

94*0000 

NH 4 Salts (as N) in 
solution (C). 

0*00200 

0 00596 

0*00949 

0*02540 

0*05600 

0*74620 

8*5400 

84*oo:o 

Albuminoid NH 4 (as N) 

0*00227 

0-00176 

0*00263 

0*00288 

0*00190 

0-C042O 

0*01930 

0*08565 

NH 4 (as N) absorbed {y) 

... 

0-00404 

0*01051 

0*0246 

0*0440 

0*2 538 

1*4600 

16*0000 

P^O, in solution (C') * 

Nil 

I NU 

Nil 

0*0008 

0*0060 

0*4380 

7-5110 

72*6100 

P 2 O 5 absorbed (y) 

... 

... 

... 

0*0462 

0*0880 

0*5020 

1-8890 

21*3900 


Faintly coloured yellow. Extracts with greater dosages stronger yellow eoiour. 
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Table XIII. 


Varying the dosage of Leimaphos when amounts of soil and water are constant— 

Miidon soil, 

(Soil=l,000 grms. ; water= 2,000 c. cs. N and P2O5 as grams per 2,000 c. cs.) 


Leiniaplios supplied . 

1 

Nil ' 

0*0512 

0*1024 

0*2560 

0*5125 

5-125 

51-25“*' 

r>i2-5» 

= Nitrogen . 

Nil 

0*0100 

0*0200 

0-0500 

0*1000 

1*0000 

10*0060 

100*0000 

= PA , *> , • 

Nil 

0 0094 

0*0188 

0*0470 

0*0940 

0-9400 

9*4000 

94*0000 

NH 4 salts (as N) in 
solution ( 0 ). 

0*00068 

0*00122 

0-00356 

0*01211 

0*02545 

0*5872 

8*1090 

75*0710 

Albuminoid NH 4 (as N) 

0*00264 

0*00267 

0-00247 

0*00920 

0*00247 

0*00231 

0*02293 

0*03519 

NH 4 (as N) absorbed (ij) \ 

... 

0*00878 

0-01 04 1 

0*03789 

0*07455 

0.4128 

1*8910 

24-9290 

P^Ojj in solution (C) 

Nil 

mi 

Nil 

... 

0*0005 

0*0581 

3*1040 

59*0800 

PgOg absorbed (y) 


... 


... 

0*0935 

0*8819 

6*2900 

34-9200 


* Strongly coloured yellow-brown. 


Table XIV. 

Varying the dosage of Leunaplios when amounts of soil a,nd water are constant — 

Hmawbisoil. 


{Soil=l,000 grms. ; water=2,000 c. c. N and P2O5 as grains per 2,000 c. c.) 


Leimaphos applied 

mi 

0-0512 

0*1024 

0-2560 

0*5125 

5-125 

51*25* 

512*5* : 

j- 

100-0000 

= Nitrogen . 

Nil 

0-0100 

0*0200 

0-0500 

0-1000 

1*0000 

10.0000 

=PaO, . . . 

Nil 

0*0094 

0-0188 

0*0470 

0-0940 

0-9400 

8-4000 

94-0000 

NH 4 salts (as N) in 
solution ( 0 ). 

0*00161 

0*002174 

0*00300 

0*00733 

0-01532 

0-40600 

7*1400 

79*800() 

Albuminoid NH 4 (as N) 

0-00161 

0*00099 1 

0*00148 

0*00288 

0*00132 

0-00221 

0*0075 

0-0051 

NH 4 (as N) absorbed (y) 

.... 

0*007826 

0*01700 

0*04267 

0*08468 

0*5940 

2*8600 

20*2000 

in solution (C ) 

Nil 

1 Nil 

... 

... 

0*0005 

0-0676 

3*3800 

69T000 

P^Otj absorbed [y) 

... 

... 

... 

... 

0*0935 

0-8724 

6*0200 

24*900 


•'Stivjngly coloured yellow-brown. 
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Tile fact that the absorption of ammonia or P 2 O 5 may be plotted on a curve which 
obeys Freundlich’s equatiori does not necessarily mean that the reaction is an absorp- 
tion [Fisher, 1921]. This equation applies to reactions which are not absorptions 
and breaks down in the case of absorption of potash by soil as in the results 
obtained by Peters [1860], These results of Peters for potash absorption bear a 
close resemblance to the absorption of ammonia shown in Graph 1. In the results for 
all the four soils examined, a break in the curves was obtained, which indicates that if 
absorption of ammonia does occur, it is also probably accompanied by base exchange. 

The base exchange hypothesis does not explain absorption of phosphates and 
other acid radicals. Over comparatively small ranges of concentration it is, how- 
ever, quite easy to fit results to Freundlich’s equation. It •was assumed by Russell 
and Prescott [1916] and by Harrison and Das [1921] that because the results for P^O^ 
absorption by soils could be made to fit such an equation that this indicated an ab- 
sorption. Fisher [1921] has shown that this is not necessarily the case. The results 
obtained for absorption of P 2 O 5 , apart from those in very higli concentrations of 
phosphate which are obviously affected by questions of solubility, have not been 
extended further than was necessary to show that PgOg is in solution to only a 
negligible extent with ordinary applications of fertilizer. Thus from Graph II, 
if the various graphs are solved at log 0=3*0 and log 2 /=at 1*0, the following values 
are obtained : — 


Mandalay soil 

-An application of 

(a) 67’2 lbs. PaOj gives 

1 lb. P 2 O 5 in 

solution. 

99 

99 

99 

(b) 102-5 „ „ „ 

2'5 „ „ 

99 ' 

Akyab soil : — 

99 

99 

99 

(a) 61-12 lbs. „ „ 

1 ,, ,f 

99 

99 

99 

99 

( 6 ) 106-3 „ „ 

6*31 „ „ 

99 

Mudon soil — 

99 

99 

99 

(a) 129-8 

1 >» 99 

99 


99 

99 

99 

( 6 ) 100-6 „ „ „ 

0*63 „ „ 

99 

Hmawbi soil ; — 

99 

99 

99 

(a) 142-3 „ „ 

1 99 99 

*9 


99 

99 

99 

( 6 ) 100-45 „ „ „ 

0*45 „ „ 



The amounts of P^Og in solution at equilibrium are in no case as high as 
2*5 per cent, for a normal application of soluble phosphate, i.e., about 40 lbs. P 2 O 5 
per acre. The fact that absorption continues for longer than two hours should also 
be remembered. It is taken as conclusive that under any ordinary conditions 
whereby erosion is not encountered, serious loss of phosphate from paddy soils is 
not to be feared. 

The curves for absorption of ammonia exhibit a distinct break in the region 
of amounts usually applied, i.c., about 40 lbs. per acre (as N). It was therefore 
considered inadvisable to determine the amounts in solution at equilibrium from 
Graph I, but to draw a fresh graph plotting the amounts of ammonia added against 
that in solution. This has been done in Graph III. Graph III shows that at appli- 
cations of 40 lbs. per acre of nitrogen as Leunaphos under the conditions laid down, 
the following amounts of nitrogen are in solution : — 


Mandalay 
Hmawbi 
Mudon • 
Ak^”ab . 


2 lbs. N or 5 

^ « 99 

20*5 



Per cent. 


99 99 *9 


(}ram$ in solution af e^uifibnum . 
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These figures indicate the vast difference in possibilities of Icsses of airmonia and 
phosphate. Whereas phosphate losses may be regarded as negligible, the possibi- 
lities cf loss of ammonia are very great indeed. 


Awmoma altsarpHhn 




Gram^ Mllroscr^ added . mo qt soil <W HOOO c.c.^. 
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The ERRECT ■ OR THE REPLACEABLE -BASES IN SOILS ON FERTILIZINC CONSTITUENTS 

ABSORBED. 

The failure of excess of lime to .have any notable effect on the amount of 
ammonia in solution at equilibrium with I^Mudon soil left open the possibility that 
replaceable bases other than calcium might have a considoiable effect on the equili- 
brium. In other words, ammonia might be more readily exchanged for sodium, 
potassium, hydrogen or magnesium than for calcium. Actually the replaceable 
bases present in the four soils tested as determined by electrodialysis are as fol- 
lows :~ 


la milii-eTaivalents per 100 grin, soil 


Soil 

Total Bases 

Calcium 

Magnesium 

Monovalejit 
(By difference) 

Mandalay 



38-76* 

21-70* 

16.53* 

0*53 : 

Akyab.. 

• 

• 

3*60 

0-25 

3*30 

0*05 

Mudon *. 


• 

5-32 

1-87 

1*30 

2T5 

Hmawbi. 

• 

• 

5*90 

0-30 

2*16 

, -2*44 


As insufficient Hmawbi soil was left, Mandalay, Akyab and Mudon soils only 
were treated. Hydrogenated soils were produced by exhaustive treatment with 
N/20 HOI until no more calcium was extracted. The soils were then washed free 
from chloride with distilled water. Calcium, magnesium, sodium and potassium 
soils werep reduced by repeated treatment with normal chloride solutions after 
which the soils were washed free from chloride with distilled water. Tlie heavier 
soils gave such trouble in producing sodium'day that the production of a Mandalay 
sodium clay was abandoned. In this case it was found that there remained in solu- 
tion, or very finely divided condition, a mixture of iron and aluminium silicates in 
such large amount that the loss occasioned to the soil was very consider. ble. The 
silicates referred to could be removed by traces of mrious electrolytes, and on ana- 
lysis one sneh precipitate was found to have the following composition 

Percent. 

Silica (Si O 2 ) . * . 63*30. 

Aiuinina (Ala O 3 ) • • 22-39. 

Iron Oxide (Peg O 3 ) . 11*46. 


Total 


97*15. 

Includes carbonates. 
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Tte remaining treated soils prepared from 100 grms soil referred to were dried 
at SO^^O., added to 200 c.c. distilled water and 0*05125 grm. Lexmaplios added, after 
wMcli the inixtiires were shaken for two hours, centrifiigalised and the soil solutions 
analysed for ammonia and PaOs- results are given in Table XV, 

Table XV. 


Effect o/ reploGeable bases on absorption of ammonia and ■p 2 ^ 5 * 
[Ammonia (as N) and P^Og in grams per 2000 c.c.] 



Lounapbos applied 

Ammonia in 
solution 

Albuminoid 

PA 


= Nitrogen 


(as N) 

(as N) 

fMaiidalay 

OTOOOO 

0*0940 

0-00996 

mi. 

1 . , 

Nil. 

H* soils '< Akyab , 

9i 

»> 

0-06493 

0*00280 

0-0100 

l^Modon * . 

!» 


0*033(i0 

0*00478 

0*0010 

Ca* soil — Mudoa • 

■’ 


0-03072 

0*00412 

traces only. 

Mg. soil — ^Mudoa » 



0-03279 

0*00296 

Nil. 

K * soil — ^Mudon 

” ■ 

9? 

0-01293 

0*00758 

0*0060 

r Mudon . 

Na*' soils j 

J? 

■ 

0-00395 

0*00676 

0*0070 

( Akyab . 


Hi 

0-00733 

0*00618 

0*0301 

The effect of changing the 
summarized as follows 

replaceable bases in the various 

soils may be 

Hydrogen , — The ; 

ammonia present at equilibrium 

is slightly increased in all 


soils, the albuminoid ammonia being insignificantly affected, while the P2O5 in 
solution is diminished in amount in two cases and increased in the other ( Akyab). 
The Akyab soil contained 10*6 per cent, of the P2O5 in solution at equilbriiim. 
Absorption of phosphate would not be expected under these conditions, as Van 
Bemmelen showed in 1878 that soils thoroughly free from replaceable bases did not 
absorb phosphate. Some replaceable base was introduced with the fertilizer itself, 
however, 

Gahivm and magnesium, — ^These were only tried with the Mudon soil, and have 

little effect on the ammonia content of the soil solution, whereas l}oth diminished 

the P2O5 content of the soil solution. 


K 
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This was only tried w soil, and was found greatly 

to dMinisli the ammonia, slightly to increase the albimiinoid ammonia, and consi- 
derably to increase the phosphate content of the soil solution. The p2^5 solii- 
tion amounted to 6*3 per cent, 

— This was tried with Mndon and Akyab soils, and greatly diminished 
the ammonia, had little effect on albnminoid ammonia, biit greatly increased the 
P 2 O 5 in solution at equilibrium. In the case of Akyab soil, about 32 per cent, of 
the P 2 O 5 applied was found in solution. 

It therefore follows that the ammonia applied to paddy soils is exchanged most 
readily for sodium followed by potassium, but calcium, magnesium and hydrogen 
are roughly equivalent in ease of exchange and far inferior to sodium and potas- 
sium. On the other hand, the presence of large amounts of replaceable sodium 
and potassium, particularly the former, results in rather a large proportion of 
P 2 O 5 remaining in solution at equilibrium. 

The fact that permutites can take up a large proportion of their weight of 
P 2 O 5 as dihydrogen phosphate but less as monohydrogen phosphate,, chiefly as 
aluminium phosphate which is insoluble in water and soluble in citric acid [Berl and 
Schmittner, 1929 ], ofiors an interesting study of alternative methods of application 
of phosphate, more especially as the necessary ammonia may also be applied 
as permutite also. Van Nostitz [1925] has shown that plants made better 
growth in sand cultures when Ca, Mg and K were supplied as permutite complexes 
than as soluble salts. As yet the author has made no actual tests with such 
permutites on the growth of paddy, but hopes to do so in the future. 

Eemedial Measures. 

It is frequently stated that ammonia, as its salts, is completely absorbed by soil 
’[Russell, 1919]. This statement though true for conditions of ordinary clry-farming 
does not hold for the manuring of paddy. Ammonia as Leimaphos and other 
similar manures is absorbed or exchanged by the soil to an extent depending upon 
the relative amounts of soil, water and ammonia applied, and it has been shown 
that the specific nature of the soil as regards its replaceable bases is of considerable 
importance. 

In its first manifestations, the problem arose in paddy lands subject to very 
heavy rainfall with the result that it is most likely that the experimental plots, both 
treated and control plots, were covered by a uniform sheet of water on one or more 
occasions. It would therefore be inevitable for the control plots to benefit from 
ammonia appli|fi to manui ed plots, thus tending to level up yields. The problem 
is therefore stwof old, first a regards experimental work, secondly for ordinary field- 
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work. Certain general coiisiclerations, kowever. apply to bott. These are as 
follows : — 

L Since tlie more water there ivS over the soil at any time, the higher the total 
ammonia in solution, it is sound practice to drain off as much water 
as possible prior to applying the fertilizer. 

2. Bunds should be as sound as possible and as high as is necessary to prevent 
water rising over the top. In many localities practical difficulties are, 
of course, very great. . 

Ill experimental work, each plot should be provided with a sejiarate drainage 
channel so that in case of heavy,raiiis,the iiseof suclichanneismay serveto pre- 
vent .thecwater submerging the individual, plots. 

In the. case of a cultivator applying the fertilizer to his fields, the .chief . concern 
is to „ prevent loss of ammonia from his land. This may be achieved in. several 
ways in addition to the points previously enumerated, e.g ., — 

1. ' The fertilizer may be applied in several small doses .in .the .earlier stages of 

growth prior to flowering. 

2. An immanured margin may be left round the holding in such a way that 

the drainage water liable to contain nitrogen may flow over his own 
unmanured fields, the higher portions only may be manured. 

3. The lighter soils may be manured with only small applications of ferti- 

lizer. 

4. Under certain conditions, claying light land may be feasible. 

Summary and Conclusions. 

L In manuring paddy lands with the usual ammonium phosphate fertilizers, 
it has been shown . 

{a) That the clay particles may carry a large part of the ammonia applied 

but very much less 5 

(6) A considerable part of the ammonia applied may be in true solution, 

2. Manuring in the ordinary way with ordinary amounts of organic manures 
has little effect towards reducing possible losses of ammonia and phosphate, 

3. Ammonia is exchanged primarily for replaceable sodium, then potassium, 
but the remaining replaceable bases are of less value as regards ability to replace 
ammonia.' ■■ 

4. Concurrently with the increased ability to replace ammonia, soils contain- 
ing much replaceable sodium and potassium retain more PgOg in the soluble state 
in the soil solution. 

5. Means are suggested to minimize possible losses. 

■ ■ ' . 
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MILLING AND BAKING TESTS WITH SOME INDIAN WHEATS 
GROWN AT PUSA AND AT MIRPURKHAS (SIND). 


BY 


F. J. R SHAW, D.Sa, A.R.C.S., F.LS., 

Imperial Economic Botanist, Pusa, 

(Received for publication on the 7th February, 1931.) 

Quality in wheat is a relative term depending on the particular interests which 
are under consideration. To the grower high yielding power is perhaps the best 
and most important quality, while to the miller and baker those chemical and 
physical properties which determine the fitness of a wheat for a particular purpose 
hold first place. Of all the uses of wheat the most important is that of bread 
making, and the purpose of the present article is to describe the quality of certain 
Indian wheats with reference to their capabilities for making bread according to 
the standards which prevail in the United Kingdom. The term quality is therefore 
used in the present article as describing the suitability of a flour for making yeast- 
risen bread. 

The experiments which form the subject of this article were undertaken with 
the object of investigating the quality of six Pusa wheats grown at Pusa and also 
under irrigation conditions in Sind ; at the same time three Sind wheats and a sample 
of Choice White Karachi were included in the tests for comparison with the Pusa 
wheats. The results of the tests are published in full as an appendix to this article. 
Milling and baking tests with the earlier Pusa wheats were carried out from 1908 to 
1914, and the results of these tests are published elsewhere [Howard and Howard, 1908, 
1910, 1911, 1928 ; Howard, Leake and Howard, 1910, 1913, 1914]. The earlier Pusa 
wheats Nos. 4 and 12 are described as showing that wheats of the highest class can 
be grown in India '" [Howard, Leake and Howard 1914], and Pusa 52 is stated to 
yield a first class bread flour and to resemble in this respect Pusa 4 [ Howard and 
Howard, 1928]. These three wheats were all included in the present experiments 
together with three new wheats Nos. 80-5, 111 and 114 which had not previously 
been tested. Among the new wheats No. 80-5 is a hybrid from a cross between Pusa 
4 and Pusa 6 ; it has proved a heavy yielder in Bihar and in the Punjab, but has not 
so far been distributied on a large scale. Pusa 111 was discovered as a mutation in 
Pusa 4, and in morphological characters differs from the latter wheat only in possess- 
ing smooth glumes. This is a desirable cbaracter as the felted glumes of Pusa 4 
hold moisture in damp weather and tend to increase the incidence of rust in the 
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head# It is similar to grain and yielding power to Pusa 4. Pnsa 114 is a bearded 
wheat selected from a cross with Australian Federation. It is a wheat of good stand* 
ing power j but has rather too long a growing period to give its best results in the 
Bihar climate. 

The bushel weights of the six Pusa wheats grown at Pusa during 1925-30 are 
shown ■ in the following Table : — 

Weiglit per bushel in lb. 


pusa 4 . 
Pusa 1:2- 


Pusa 80-5 
Pusa 111 
Pusa 114 


I929-S0 


1926-26 

1926-27 

1927.28 

1928-29 

C4-9 

63-0 

63*25 

63*9 

61*5 

65-0 

56*3^ 

63*3 

65*5 

63-0 

62*17 

64*0 

65-0 

66 - 5 * 

55-9^^ 

65*3 


All these wheats were grown in the Botanical Section at Pusa and at Mirpurkhas 
(Sind) in the season 1929-30, and samples were shipped from Pusa and Sind to 
London about May, 1930. With the samples of Pusa wheats from Sind there were 
incliided samples of three Sind wheats — C. P. H. 47, A. T. 38 and Q-. S. 25 — bred 
by the Botanist in Sind and a trade sample of Choice White Karachi. Milling and 
baking tests on all these w’'heats were carried out by the Research Association of 
British Flour Millers (see Appendix). 

For the proper understanding of these tests it is necessary to appreciate the 
factors which determine good baking quality in a flour. These factors are 
uniformity, colour, gas production, maltose content and diastatic activity, gluten or 
protein content and gluten quality. 

Uniformity in quality while of the first importance to the miller is not an 
intrinsic property of any flour. It depends rather upon the growers in a particular 
area limiting cultivation to one particular type of wheat so that the miller can rely 
upon the produce of a particular area always exhibiting the same properties. The 
remaining qualities are, however, intrinsic qualities and in any flour will vary 
with the particular kinds of wheat from which the flour is made. 

Colour is an important factor in a flour which, for the market in the United 
Kingdom, should be as nearly white as possible. The yellow tinge which exists in 

* Crop attacked bx rijst. 
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floiirsAS due partly to, the presence of gluten, and sometimes ' to, the presence of a 
small quantity of a yellow pigment, carotin. - The Pusa wheats Hos. 4 , 82 ', 80-5 
and 111 grown at Pusa in these experiments produced “ a deep creamy flour of the 
Manitoba' type/’ while the same wheats grown in S'ind had a poorer rather 
greyer colour.’’'^' The wheat No. 114 grown at Pusa gave a flour distinctly whiter 
than that of No. 4, 52 or 80-5, 'and the flour from Pusa 12 is described as outstaiid- 
i'ug — of an excellent white colour. The same wheat, Pusa 12, grown in Sind gave' 
the whitest flour of all the Sind samples, the next in order of merit being Pusa 114 . 
Low grade and damaged wheats invariably give a dirty grey flour, and such wheats 
can only be used for blending to an extent which does not allow their inferior colour 
to have a marked effect on the flour. Various bleaching processes are used in the 
trade in improving the quality of flour. 

Gas production in a flour is a measure of the power of the flour to produce suffi- 
cient carbon dioxide to ensure the adequate inflation of the dough. In popular 
language the dough must rise to the required degree. If gas production is insuffi- 
cient, the loaf will be of small volume, inferior, stodgy and of close grain with an 
unattractive appearance. None of the 16 samples tested in these experiments were 
good gassers. Among the Pusa wheats Pusa 4 and Pusa 111 (Sind crop) were the 
best and Pusa 114 the worst in this respect. Unsatisfactory gas production is a 
common feature of Indian wheats and sometimes occurs in high grade Manitoba 
wheats. It is not a serious defect from the commercial standpoint as these wheats 
are used only in blends and their deficiency may be made good by mixing with 
wheats of high gassing capacity. 

Some flours have a high natural content of maltose and high diastatic activity, 
and on this account maltose and dextrin accumulate during fermentation giving 
rise to a sticky dough. There is no cure for this trouble, which frequently occurs 
with frosted or immature grain ; it can be dealt with only by blending. The maltose 
figure in sound flour should not exceed 2*5 per cent.; from the results of the 
analyses in the present tests the 16 samples all appear to be satisfactory in this 
respect. 

The gluten or protein content of a flour is a most important quality ; if gluten 
content is below a certain minimum, good bread cannot be made. The straight 
flours from Manitoba wheats generally contain from 10 to 12 per cent, protein, 
Australian 8-13 per cent., Indian 7-9 per cent. English wheats generally have about 
the same value as the Indian. In this respect the Pusa wheats, whether grown at 
Pusa or in Sind, compare favourably with other wheats. The protein content of the 
flours from Pusa wheats ranges from 9*2 to 12"2 ; Pusa HI has a content of 11-97 
per cent, in Pusa, and 10*89 per cent, in Sind. The Sind wheats, samples 13-16, 


* Appendix, page 403. 
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are appreciably lower in proteia content than the Piisa wheats, and are about, the 
normal protein content of commercial Indian wheats. 

■ 'Gluten quality is the most difficult and least understood of the factors which go 
to, make a good flour. Gluten consists cMefl/' of a mixture of two proteins, gliadin 
and glutenin. ■ In a dough the gluten forms a complex mixture with water, in which 
starch and yeast are imbedded, and the physical properties of the dough depend 
upon the nature and amount of the gluten. The physical characters which are 
essential for a good dough are high water absorption, elasticity, ductility, toughness 
and stability. If these characters are present in a flour, the dough will retain the 
gas produced during fermentation, and will produce a large well-risen loaf. In 
this respect the Pusa wheats grown at Pusa gave excellent results ; Pusa 111 was 
placed first in order of merit with Pusa 80-5 next, and these two showed the 
qualities which would be expected from a strong Manitoba flour, and there appeared 
to be no reason why they should not be capable of use in place of normal strong 
components in a grist intended for ordinary commercial purposes.^''^' Gluten 
quality and quantity are factors which determine what is known as '' strength "" in 
flour. The term strength has been defined as the mea-siire of the capacity of the 
flour to produce a bold, large- volumed, well-risen loaf [Jago and Jago, 1919]. 
Since, however, this capacity depends on the various qualities described above, the 
term ''strength '' appears undesirable as leading to a generalised indefinite descrip- 
tion of that which could be stated with greater precision. 

The results of tests with the Sind samples showed that none of them approach- 
ed in strength '' or general excellence the Pusa samples. The Pusa wheats grown 
in Sind were, however, superior to the Sind wheats, and among the samples from 
Sind Pusa 12 and Pusa 114 gave the best bread. 

Blending tests with Pusa flours, grown at Pusa, and English flour showed that 
the mixtiire Pusa lll-English was distinctly better in all-round quality than a 
blend of No. 1 Manitoba-EngUsh, while the poorest of the Pusa-English blends was 
distinctly superior to a blend of Choice White Kaiachi-English, These blends were 
in the proportion of 50 per cent. Pusa flour to 50 per cent. English. The Sind samples 
were also tested in blends, but since the baking tests with the straight flours had indi- 
cated that the Sind samples were not so strong as the Pusa samples, a different flour 
was used for blending. Blending tests with strong flours are best carried out with 
a weak flour in order to ascertain the extent to which the strong flour will carry 
the weak for commercial purposes. The value of a weak flour, however, is best 
estimated by seeing the extent to which it can be added to a strong flour without 
adversely affecting the baking quahties of the mixture. The Sind flours were, 
therefore, studied in blends by this method and were blended with Y reference 

* See Appendix, page 407. 
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flour—'' a strong straight run London flonr/'"^ In the Heiiding tests with the Sind 
samples the best results were obtained with Pusa 114, Posa 12 coming a close 
second. In both these cases the best loaves were obtained from mixtures containing 
40 per cent, of the Piisa flours. The blend with Pusa 111 gave its best loaf when 
the Pusa flour constituted 15 per cent, of the mixture. The loaf from this mixture 
" approached in general excellence the loaf from the 40 per cent, blend of Pusa 
114/'"^^' Pusa 52 and the Sind wheats did not do well in blends. " In each case 
the addition of 15 per cent, of the Indian flour to the Y reference flour caused 
slight deterioration which became progressively greater with the higher blends.’^f 
The results of these tests have shown that in one of the new Pusa wheats, 
No. Ill, India possesses a wheat which is equivalent in value to a good Manitoba 
■wheat and which should be of commercial importance as a strong wheat. The 
report states " It was most attractive in appearance although quite unlike Manitoba, 
its bright amber colour being in sharp contrast to the typical Manitoba red. It 
was of excellent milling quality. It appeared to offer no difficulties as regards 
conditioning treatment, and it seemed distinctly easier to mill than most customary 
hard wheats. It gave a high yield of flour which was of good appearance (of the 
hard wheat flom type), and had a remarkably low ash content and high protein 
content. Like many hard wheat flours it was not a good gasser.’bl In the wheats 
Pusa 114 and Pusa 12 we have types which, when grown in Sind, possess a high 
blending value and from all points of view are superior to ordinary Karachi wheat. 
In spite of the present fall in grain prices, this knowledge comes at an opportune 
moment vffien the extended facilities for irrigation in Sind, consequent on the 
completion of the Sukkur Barrage, will surely lead to an increased production of 
wheat for export. 

See Appendix, page 411. 

See Appendix, page 413. 
t See Appendix, page 413. 

J See Appendix, page 413. 
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Appendix. 

A EBPOET* ON SIXTEEN SAMPLES OE INDIAN WHEATS GEOWN AT PUSA 

AND SIND, 1929-30. 


BY 


E. A. FISHEB., M.A., B.Sc. (Oxon.), B.Sc. (LoncL), F.I.G., FJnst.P., 
Director of EesearGli^ the Besearck Association of British Flour Millers, 



Tiie samples were received in bags, packed inside tin-lined boxes, wMch were labelled 1 to 16 
respectively. Nos. 1- — 6 inelnsive were from Pwsa, and Nos. 7 — 16 inclusive from Sind. 

Moisture and nitrogen caiiUcnts on receipt. 


Throughout the report the wheats are referred to uiicler the sample numbers. 


Wheat 

Sample No. 


PUSA SET 

Pusa . . 4 

N. V. 1 

12 

2 

52 

3 

80-5 

4 ' 

111 

5 

114 

6 


SIND SET 

Pusa . . 4 

X. V. 7 

12 

8 

52 

9 

80-5 

10 

111 

11 

114 

12 

0. P. H. . 47 

13 

A. T. . . 38 

14 

as. . * 25 

15 

Choice White 

16 

Karachi. 



Moisture content 

Total No. 1 Total Protein 

(recalculated on a 15 per cent, 
moisture basis) 

Per cent. 

Per cent. 

Per cent. 

10-43 

10'95 

1-92 

1-81 

10*94 

10*32 

10-65 

10*45 

10*20 

10-71 

1- 95 

2- 22 

2*23 

2-30 

11*12 

12*64 

12*72 

13-12 

9*45 

971 

9-41 

9*10 

9-29 

2-13 

* i-89 

2*04 

2*06 

2-11 

12*14 

10*78 

11-64 

11*74 

12*04 

9-42 

10*08 

2-14 

1*63 

12*20 

9*29 

9*81 

9*49 

9*92 

1*61 

1-69 

1-54 

9*18 

9*64 ' 

8*78 , 
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The Sind samples as a set were appreciably lower in moisture content than the Piisa. It 
will be seen that as regards protein content the samples of each set fall distinctly into three 
groups. The lowest protein contents are those of Nos. 13 — 16 inclnsive of the Sind set. These 
are just about normal protein contents for Indian wheats as imported conimercially into the 
United Eiiigdoin, and are not much lower than that of No. 2, which is the lowest of the Pusa 
set. No. 8 ranked by itself in the Sind set and corresponded to Nos. 1 and 3 of Pusa. The third, 
or highest, group included Nos. 7, 9, 10, 11 and 12 of the Sind series, which were all somew-hat 
lower than the highest group of Pusa, vk.. Nos. 4, 5 and 6. 

The highest protein contents were astonishingly high for Indian wheat ; they were in fact 
as high as those of good samples of Manitoba wheat. 

Appearance op Wheats. 


The Pusa set as a whole were very clean. No. 2 differed from the others in appearance. 
It was like the white eomponent of the so-called Choice White Karachi Wheat, though some- 
what deeper in colour and less bleached-looking than commercial White Karachi. On super- 
iicial examination it had a striking resemblance to Australian wheat. Some of the grains 
appeared much more starchy than others. Its grain was of different form from that of the 
other Pusa samples, being very long and well-filled. 

No. 4 perhaps most nearly resembled ordinary Karachi wheat in general appearance. In 
eohur it appeared like a cross between White and Red Karachi, but the grains had a bright 
translucence absent from ordinary Karachi and they were large and plump. Nos. 1, 3 and 5 
resembled one another generally. These grains appeared rather larger and leaner than those of 
No. 4, and they were still deeper in tint, brighter and more corneous. In colour and texture 
they were most reminiscent of Amber .Durum, though not in form they were plumper and not 
as long as Durum grains. These three were very attractive samples of wheat. Perhaps .> had 
slightly smaller grains and was slightly paler in tint than 1, and 1 than 5. No. 5 contained a 
little badly discoloured grain. No, 1 contained a few starchy grains, and many of its otheiwise 
characteristic kernels exhibited that curious blackening of the germ end with which we are 
familiar in, more particularly Plate wheat, but whose nature we do not understand ; previous 
experience has shown that this blackening has no deleterious effect on flour quality. 

No. 6 was quite distinct. Its grains were small and plump and quite iinliko those of any 
Indian wheat we have seen. They resembled Manitoba in this respect and, curiously, many of 
the grains had that characteristic crinkling of the bran coat seen in lower grade Manitobas but, 
though of an amber shadcy it was redder than any other of the Pusa samples. 

The Sind set were quite different in appearance from the Pusa. They were very dusty and 
one or two contained barley and other impurities. At first glance they appeared more like the 
customary Indian or Persian wheats than did the Pusa samples, having that dull greyish sheen, 
characteristic of such wheats, which was absent from the Pusa samples. Actually, however, 
their colour appeared neither like that of P^ed Karaclii nor like that of WMte, but rather interme- 
diate. The grain was rather like that of Red Karachi in texture—distinctly flinty -looking, but 
without the clear translucence of the Pusa. 

Nos. 7, 9, 10 and 11 were much alike and fairly eharaeterised in appearance by the above 
remarks. This groupiing by appearance was effected before the protein contents w'Cie deteimined, 
but it will be observed that it is quite in line with the fairly distinct classili cation of the samples 
according to protein content. 
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'No, 7 liad mostly very large, plump berries and was very flinty. Tbe grains of No. 11, 
tbongb large, were not so well filled as those of 7. Those of 9 and 10 were appreciably 
smaller {0 being slightly smaller than 10). 

With the exception of 12, the remaining Sind samples (8, 13, 14, 15 and 16) were, to different 
extents, more starchy than the ahove-mentioned. No. 16 was a mixed sample of Red and 
White grain ; it resembled a good sample of commercial Karachi wheat. 15 had some 
starchy grain but most of its berries resembled the ^^red” of 10, though they had a paler 
appearance. Nos. 13 and 14 had larger plumper grain than 16. Each (especially 14) contained 
much starchy grain hut most of the berries had a dull, pale, greyish -red appearance. No, 8 
was not very different from 14 hut its grain had a brighter appearance. It contained much 
starchy grain and had some resemblance to No. 2 of the Pusa set, though its tint was greyer. 
Like all the Sind samples it lacked the rich brightness of the""Pusa wheats. 

Subject to this latter qualification. No. 12 resembled 6 (of the Pusa set) in having a distinctly 
Manitoba-like appearance. Its grain, however, was larger and better filled than that of No. 6. 


CoHDITIONIlSrO ATSTD MILLING. 


The Pusa samples did not need dry-cleaning. The Sind samples, which were dusty, were 
scoured and varying quantities (up to l‘2%) of imi^urities were extracted. 

All the samples were conditioned by additions of cold water at intervals in preparation for 
milling. The conditioning was gradual, extensive and, as far as possible, carried out 
uniformly. The Pusa samples were all milled between 6th and 1 6th August and the Sind 
between 18th August and 10th September. 

Nos. 1, 3, 4 and 5 milled very weU indeed. The bran was small but clean, and the re- 
duction stocks lively and yet easy to reduce. Extractions were high. No. 6 seemed slighter, 
softer ; it gave rather larger bran ; and the reduction stocks were softer and less lively ; 
extraction slightly lower. No. 2 was less satisfactory in milling properties. It gave a larger 
bran but its reduction stocks did not reduce very well, and the extraction was relatively low'. 

With regard to the Sind set as a whole, it would have been better from the milling point of 
view if those wheats had been conditioned less heavily than the Pusa set. Actually many 
of them were conditioned much more heavily. This is partly because they were originally drier 
than the Pusa samples and on the basis of the moisture contents as received, rather heavier 
conditioning was indicated. As it happened the milling was carried out during a spell of humid 
weather, and it was found later that the samples had picked up moisture from the atmosphere 
quite readily. This effect was obvious after the milling of No. 13, and the treatment of the 
remaining samples Nos. 14 to 16 w^as lightened somewhat. It w^as prefeiTcd, howwer, not 
to make a drastic reduction owing to the fear of invalidating comparison. 

Owing to these circumstances it is not safe to draw detailed comparisons of milling 
behaviour, but on the whole the wheats milled as would have been expected from their 
appearance. No, 7 was perhaps the hardest wheat of the Sind sot and milled very 
satisfactorily, but these wheats as a whole appeared appreciably softer than the Pusa set and 
gave less lively reduction stocks. Nos. 7, 9, 10 and 11 were fairly alike and were of the flinty 
type. Nos. 8, 13 and 16, in sharp contrast to these, were soft, giving bran which was relatively 
large and tough and starchy reduction stoeks, which dressed poorly and flaked badly. Nos. 14 
and 16 were Unexpectedly flinty ” Miotwithstanding their high moisture contents they gave 
rather small clean brans and lively reduction stocks, which in the case of 15 were peculiarly 
resistant to roll action. No. 12 was fairly distinct and resembled No. 6 of the Pusa set. 
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The moisture contents of the Mill Feeds, t.e., of the wheats when milled, and Percentage 
Extraction of Flour (calculated on Total Products) were respectively as follows 


Sample No. 

Moisture content of Mill Feed 

Extraction of flour 


Per cent. 

Per cent. 

1 

15*60 

72*3 

2 

16*66 

69*0 


16*62 

72-1 

4 

16*55 

72*8 

5 

16*58 

72*7 

6 

17*09 

71*8 

7 

16*92 - 

71*4 

8 

16T8 

70*6 

9 

16*51 

71*6 

10 

16*44 

73*0 

11 

17*06 

70*6 

12 

16*79 

71*6 

13 

18*99 

69*4 

14 

17*85 

72*8 

16 

18*61 

68*7 

16 

18*16 

68*3 


Appearajtoe oe Flotjes. 

Of the Pusa hours 1, 3, 4 and 5 had a deep creamy colour of the Manitoba type ; 1, 3 and 5 
were alike but 4 was darker and dirtier looking. No. 6 was distinctly whiter than 1, 3 and 5. 
No. 2 was outstanding ; it had an excellent white colour. 

Amongst the Sind set Nos. 7, 9, 10 and 11 were somewhat of the same type as 1, 3, 4 and 
6 of the Pusa set though they had a poorer, rather greyer colour. No. 10, however, had easily 
the poorest colour of all the sixteen samples ; it was a dirty grey. No. 8 was distinct : it had 
a good white colour and appeared of the same type as No. 2 of the Pusa set ; it was slightly but 
distinctly poorer (greyer), however, than No. 2. Thus 2 had the finest colour of all sixteen 
samples. 

No. 12 was next in order of whiteness amongst the Sind set, and it was of the same type as 
No. 6 of the Pusa set. Nos, 14 and 16 were distinct, having a pleasing deep creamy colour (16 was 
rather poorer than 14), Nos. 13 and 15 were grey -white and, roughly speaking, intermediate in 
type of colour between 12 and 7, 9 and 11,» 
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Amlyiiml Results on Moufs. 

All resulta other than those for moisture content have been recalculated on a 

15 per cent, moisture content basis. 
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Total nitrogen 
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Total protein 
(N><5‘7) 
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1 
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pT 
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o 

H 

c 

d 

&D 
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CD 

to 

o 

if 

d 

Total acidity 

W 

OJ 

© 

d 

^er cent. 

. Per cent, 

, Per cent, 

. Per cent. 

. Per cent. 

. Per cent. 

, Per cent. 

. Per cent. 

, Per cent. 

. Per cent 



14-83 

1*80 

10*26 

•470 

4*43 

■ *222 

•062 

•312 

2‘3 

, *45 

6-10 

■ *64 

15-01 

1-63 

9-24 

•661 

4*64 

*189 

*053 

*265 

1*6 

*42 

6*19 

•65 

14*{>6 

1*72 

9*80 

•551 

4*87 

•222 

•048 

*219 

2-1 

•41 

6‘21 

•79 

15-05 

2-14 

12*20 

•449 

4-20 

'199 

*062 

•282 

I'S 

•45 

6-21 

•61 

14-41 

2*10 

11-07 

•414 

4-30 

•237 

•oil 

•248 

1-8 

•45 

G-02 

•70 

15‘06 

2*07 

11*80 

*4G2 

4-10 

*260 

•038 

•244 

1*8 

•45 

0-05 

*72 

14*45 

1*90 

10*84 

•574 

4*53 

•250 

•055 

•335 

1*8 

•44 

6*13 

•62 

14-85 

1*70 

9*69 

*594 

4-36 

•207 

•050 

•291 

1*3 

■48 

6-19 

•75 

14*23 

1*86 

10*60 

•562 

4*09 

•207 

•043 

•327 

1*7 

•41 

6*29 

•57 

15*70 

1*91 

10*89 

•626 

4*42 

•226 

•058 

•365 

2*0 

•45 

O'lO 

•63 

16-21 

1*90 

10*84 

•664 

4-18 

•233 

•056 

•350 

1-8 

•47 

6'li 

•63 

15*88 

1*90 

11*18 

•517 

4*18 

•294 

•038 

•297 

1-4 

•41 

5‘96 

•64 

16*48 

1*44 

8*20 

*630 

4*08 

•184 

•063 

•296 

1-5 

•40 

6*21 

*72 

16*13 

1*43 

8*1 r> 

•004 

4-71 

•178 

•003 

•287 

1*5 

*40 

6-29 

•76 

16*52 

1*49 

8*50 

•647 

4*54 

*196 

•065 

•270 

1-6 

•36 

6*30 

•75 


1*34 

7*64 

*686 

4*51 

•187 

•063 j 

•289 1 

2*0 

*34 

6-31 

•70 


* Tile Maltose Figure is the percentage of maltose found after incubating a flour-water mixture at 80®F. for 
1 hour. A fig. below 2‘2 or is indicative of soundness ; c,| 7 ., a flour from sprouted wheat may give figs, 
well above 2'5. 

® I’he Buffer Value represents the change in pH due to addition of a fixed amount of lactic acid. Hence the 
smaller numerically the buffer value, the more highly buffered is the flour. 

The order of the nitrogen contents of the flours, of course, follows very closely that of the 
wheats. The ash contents of the flours do not appear to be significantly affected by percentage 
exiraction. i.e., the yield of flour. Ti ey are higher in the flours from the more starchy (and ^ 
hence presumably thicker-coated) wheats. In fact, with one or two exceptions, the ash 
contents appear strikingly in inverse order to the protein contents, and also, as wall be seen, 
the flours of best baking quality had the lowest ash contents. The ash contents were not 
reflected in any definite way in the appearances of the ..ours. 
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Miicii the same rcBiarks ai:)ply to the Buffer Values which pick out the starchy wheats in 
the Sind set in an infallible raaniier, though, curiously, this doee not apply to the Pusa set. 

The ligures for soluble extract, soluble nitrogen, total acidity and maltose appear to be 
iiorinal, and in the ordinary way would be interpreted as implying soundness of grain. 

Gas Peoduction. 

In eacli gas test the following amounts of material were used : cO grms. flour, 1 grm. 
(=2 per cent, of weight of flour) or 0*25 grms. {= per cent.) of yeast, 0*625 grm. (== 1|: per 
cent.) salt, and 30 c.cs. of water. Tne temperature of fermentation was maintained at 80®P. 

Gas production figures (in c.c.) are given below together with (for purposes of comparison) 
those of the reference flour marked V used for blending in some of the baking tests, and of a 
commercial sample of 1930 crop Choice White Karachi. 

2 j)er cent. YeasL 
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1930 


Time 

M. V. 

K. Y.' 

N.Y. 

N.V. 

K, V. 

N. V. 

K.Y. 

K.V. 

•N. V. 

N.V. 

. K. V . 

N.V. 

N. V. 

N.V. 

N.V. 

N. V. 

Crop 
C, W. 

Refer- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

K ara- 
chi 

Flour 

1st hour 

39 

41 

39 

40 

80 

27 

30 

32 

35 

36 

40 

20 

31 

40 

32 

33 

39 

50 

2nd „ 

Si 

79 

77 

72 

61 

53 

64 

67 

61 

63 

65 

67 

68 

70 

67 

67 

69 

SO 

3rd „ 

94 

92 

89 

92 

77 

64 

76 

78 

71 

74 

SO 

76 

81 

75 

^ 71 

76 

75 

96 

4th „ 

96 

88 

101 

88 

89 

59 ' 

94 ' 

74 

91 

104 

104 

77 

73 

85 

83 

80 

87 

111 

5th „ 

80 

54 

53 

57 

65 

36 

86 

50 

61 

96 

75 

30 

37 

83 

69 

74 

85 

117 

6th „ 

41 

28 

21 

23 

23 

19 

51 

22 

26 

43 

34 

1 

19 ^ 

19 

49 

28 

48 

70 

so 

7th „ 

26 

21 

17 

18 

19 

19 

29 

17 

17 

22 

20 

15 

15 

26 

19 

22 

48 

61 

8 th „ 


... 

! .. 

• • ^ 

17 

13 

19 

10 

10 

14 

17 

12 

13 

12 

12 

12 

25 

40 

Total for 24 
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hours 

561 

471 

449 

" 405 

403 

333 

577 

413 

.31 j 

539 

553 

383 

393 

444 

498 

039 

927 
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P 

II 

S A 




s 

I 

N 


D 



■i 


















1 

1 . 

' 1930 



N.V. 

N.V. 

N.V. 

N.V. 

N.V. 

N.V. 

N.V. 

N.V. 

N.V. 

N.V. 

N.V. 

N.V. 

N. V. 

N.V. 

N. V . 
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' 5 

6 

7 

8 

9 
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12 

13 

14 

15 

10 

Kura- 
! chi 

enco 

FJov.r 

1st hour . 

14 

6 

9 

10 

10 

10 

11 

8 

10 

9 
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0 

7 

3 

5 

6 

5 

* » 

2nd „ 

16 

17 

15 

10 

13 

14 

15 

13 

15 

17 

16 

14 

11 

15 

16 

10 

19 

20 

3rd ,, 

24,' ' 

27 

■ .'25" 

.24 

26 

25 

26 

27 

27 

30 

28 

26 

■26 

29 

28 
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33 

30 
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40 
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41 

34 

41 

41 
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43 
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42 
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48 

46 

43 

43 
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51 

53 

63 

61 

54 

50 

52 

SO 
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45 
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'■47 

53 

52 

55 

52 

47 

69 

50 

66 

60 

60 

58 

68 

55 ] 
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1 

52 

' 45 

58 
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50 

59 

56 

56 

40 
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m \ 

66 

80 

1 76 

51 

5.5 

■62 
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.52 

48 

75 
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1 1 ““'I® of the sixteen Indian samples are good gassers. Nos. 1 7 lo 

11 aiid 14 are best and may be oaUed satisfactory. Nos.. 2. 3, 4, 5, 8, 9, 15 and 16 were’ barelv 

sat^actory since with 2 per cent, yeast gas production fell off during the fifth hour which is 
withm the period reqiured by certain of these flours for full maturation of the dough ’ 

All those just detailed maintained gassing sufficiently well over eight hours ivith 4 per cent 

With i per cent, yeast, gassing fell off before 

_ The 1930 Crop Commercial Karachi included was a satisfactory gasser, and Y, the Commer 
cial London straight run flour made from a mixture of wheats, was a very good gasser. 

inadequate gas production, though commonly charac- 
teristic of Indian wheats, is not necessarily a serious defect from the commercial point of view in 
a wheat such as Indian which is used only in blends with other wheats. It is sometimis a 
feature,_for example, o high grade Manitobas, and it may be mmedied in commercial practice by 

appropriate blending with other wheats before milling. cuoe oy 

In our bafang tests the difficulty was overcome through the addition of Od per cent malt 
extract and O-Oo per cent, ammonium phosphate to each dough. Such addition ensures adequate 
gas production throughout the period of fermentation normally required. ^equate 

Baking Tests. 

AS » were first baked on 21st August (together), in each case using 3i 4 

4| and 5| hours fjnentation (including final proof) respectively. Doughs were made after 
vals of I hour apart so that 24 (tinned) loaves went to the oven together. 2 per cent yeast D 
^r cent salt and a fermentation temperature of 80“ F. were used. Each dough was made Jit 
hquor at the rate of sixteen gallons per sack and Od per cent malt extract Ld 0-05 pi cent 
ammonium phosphate was inoorpoted. o per cent 

Doicghs -At Nos. 4 and 6 gave the best handling doughs. They were of 

verj good body with very good spring and very good elasticity. No. I was of fairlylod body 
haymg fairly good spring and good elasticity. No. 3 was of fairly good body it bT/f • 

No. 6 was of fair body ; it had very fair spring and very fair elasticity. 

In the fermentation boxes all doughs showed very good rises thoush nerbim 9 «r,A c 

to .h. „to. Hoa.4..d5 had i,d »p. ; M 

6 being rather flatter than the others. 

Nos. 4 and 5 were consistently the best handling doughs throughout the vari™,. 
fermtetion. Nos. 2 3 and 6 tended to faU off unduly towards the end of the Ion Jr peS 
When moulded all the 3i hour doughs were « green ” or under-fermented Si t 
appreciably better at 4 and all fuUy ripe at 4i hours. At 5| hours Nos 4 and 6 S 1 J j Tv 
were outstandingly the best, being very tough and elastic wk verylood lUg ^ Z HlS 

6 were obviously overworked and! was on the border line. ^ ® 2, 3 and 

Loaves.~Ot the No. 1 loaves the choice lay between 4 and 44 hours P,h==,-M ti, i 
was the 4| hour loaf which had very good oven soiina and wss « i. T' r T 
appearance and crust. It had crumb which was foirly close and evenT good outside 

.na spring rtb .good pi ..ZJ oZr •< 

dldnolsho,™„|g„ofo,».triJ»„t;to good ..4 

Thebestloaf of tbe lSro. S setwas that at 4 flours. It had vppv 

ool.p.ng.odou«do.pi.»,..„™in™,,„dgn.g „„„b wbioh Z rio» .Zo.Z^gZ 


r 
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well-piied and of good texture and spring with- a good creamy colour and good bloom. Tbe 
fermentation tolerance of this sample was much more sharply defined than that of No. L The 
4|-hoiir loaf was distinctly poorer than that at 4 hours. 

Again with No, 3 the best loaf was thrown at 4 hours. It had very good oven spring and 
volume, good outside appearance and crust. Its crumb was close and even in grain, well-piled, 
of A^ery good spring and texture with a pale creamy white colour. Tolerance was not quite so 
sharply defined as Avith No. 2 ; the 4f -hour loaf was only slightly inferior to the 4 hour, but that 
at 5 1 hours was markedly inferior. 

Like No. 1, No. 4 had an extended tolerance. It gave good bread throughout the range 
tested. The best loaf was thrown at 4f hours. It had very good oven spring, good outside 
appearance and crust, and its crumb was close and even in grain, well-piled, of ver}’' good spring 
and texture, and of a pale grey Avhite colour. No. 5 also had an extended tolerance. Ail the 
loaves were good and the best, at4| hours, was magnificent. It had excellent oven spring, 
volume and outside appearance and crust. Its crumb was close and even in grain, of very good 
pile, spring and texture, and of excellent colour— a pale creamy white with very good bloom. 

No. 6, on the other hand, had limited and fairly sharply defined tolerance. The best loaf, 
at 3| hours, had very good oven spring and volume, rather reddish crust. Its crumb was slightly 
open but even in grain, of very good pile, spring and texture, with a good creamy white colour. 
The 4-hour loaf aa^s similar in oven spring and volume, but much paler in crust, and slightly 
but distinctly inferior in crumb qualities. It was slightly overworked. 

In general terms, Nos. 1 and 5 had the most extended tolerance to fermentation with No. 4 
as a close runner-up. Nos. 3 and 2 were next, in that order. No. 6 had the most limited and 
sharply defined tolerance. As regards dough handling properties the order Avas : 5 best, 4 
(nearly equal to 5), 1, 3, 2, 6. 

Order of merit amongst the best loaves of each set Avas as follows : 5, 4, 1, 3, 2, 6. No. 5 was 
the best loaf. There Avas little to choose between 1 and 3. Even the poorest loaf (No. 6) Avas 
Avonderfiilly good bread for Indian. In fact, any one of the six loaves Avould have done credit 
in all characters to a normal commercial straight run flour of the London area. All were of 
large volume Avhich is unusual in loaves made from Indian wheats. 

The best of these Indian flours shoAved the qualities, both in dough and bread, which AVOuld 
be expected from a strong Manitoba flour, and there appeared to be no reason why they should 
not be capable of use in place of normal strong components in a grist intended for ordinary 
commercial purposes. 

Blending Tests with Pusa. Flohe. 

It will be seen that the above conclusions Avere substantially confirmed by results on a series 
of blends of English four with each of the Indian flours. 

ThefoIloAvingserieswasbakedon28thAugust:— 

1. 50 per cent. English 50 per cent. N. V. 1 

2. 50 per cent. English plus 50 per cent. N. V. 2. 

3. 50 per cent. English plus 50 per cent. N. V. 3. 

4. 50 per cent. English plus 50 per cent. N. V. 4. 

5. 50 per cent. English 50 per cent. N. V. 5. 

6. 50 per cent. English plus 50 per cent. N. V. 6. 

W. 50 per cent. English plus 50 per cent. 1*930 Crop 0. W. Karachi (N. C. 40). 

X. 50 per cent. English 50 per cent. No. 1 Manitoba, 

Y. A typical strong commercial London straight run flour made from a mixture of wheats. 
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AU doughs were made up with sixteen gallons liquor per sack, 2 per cent, yeast, and were 
given 4 hours’ fermentation (including final proofat 80° F.). Ammonium phosphate and malt 

extract was added to each. 

Boughs.-- At doaghmaking, all the samples were fairly tough with a slightly clay-like feel 
ISfos, 1 and S had fairly good spring and elasticity. No, 2 had good, 4, 5 and X very good spring 
and elasticity, whilst 6 and W were only very fair in this respect (W was slightly poorer than 6). 
Y was fairly elastic with good spring. 

In the boxes all samples had good rises. X was the best in extent of rise and had the 
boldest top. Nos. 4 and 5 were next best, and 1 and 2 also were bold. Nos. 3, 6, W and Y 
had rather fiat tops. 

X moulded tightly with good spring and elasticity as did 4 and 5 which were only slightly 
inferior to X. W was poor being tender and rather short. Nos. 3 and 6 were slightly better 
than W. The others were intermediate between these, and 4 and 5. 

On the tray at final proof, X was boldest ; 4 and 5 were also bold; 3, 6 and W and Y 
showed considerable flow. The others flowed more or less and were intermediate between these 
two groups. 

Loaves . — had goo l oven spring and volume, but was rather a flat loaf, of very good out- 
side appearance and crust. Its crumb was close and even in grain, well-piled, of very good 
spring and texture, and very good pale grey white colour. 

X had very good oven spring and volume. It was a very bold loaf of very good outside 
appearance and crust, and had crumb, close and even in grain, of good pile, very good spring and 
texture and pale grey white colour. 

No. 1 was equal to X in respect of oven spring, volume and boldness, but had a rather 
broken crust. Its crumb was open but even in grain, and soft, being of fairly good spring, good 
pile and texture with a pale creamy colour. 

No. 2 resembled Y in volume and oven spring, but was slightly flatter still, and its crust was 
broken. It was slightly more open than No. 1 in grain of crumb which was of fairly good spring, 
good pile and texture, with a very dark creamy white colour. 

No. 3 had fairly good volume and very fair oven spring. It was rather a flat loaf, of broken 
cmst. Its crumb was closer in grain than, but otherwise similar to, that of Nos. 1 and 2. 

No. 4 had slightly better oven spring and volume than No. 1 and X, It was a bold loaf of 
good outside appearance and crust, but its crumb was rather coarse and open in grain though of 
good spring, pile and texture, with a pale creamy colour. 

No. 5 had excellent oven spring and volume. It was a fine, well-developed loaf with crumb 
rather open in grain but of very good spring, good pile and texture, and good pale creamy colour. 

No. 6 resembled 3 in general outside appearance. It had a beautifully finely grained crumb 
which, however, was slightly cheesey and of only fairly good spring, and had a deep creamy 
colour. 

W had fairly gooi volume and oven spring, being fairly bold but it had a badly torn crust, 
and a very finely grained honeycomb type of crumb, which had only fair spring, fairly good pile 
and texture with a deep creamy colour. . 

In general the order of merit amongst the six Pusa blends was : 5, 4, 1, 6, with 2 and 3 poorest. 

The best of these (5) was even distinctly better in aU-round quality than the Manitoba- 
English mixture, X or the commercial straight run, Y. The poorest were distinctly inferior to 
these latter but, at the same time, appreciably better than the blend containing the 1030 Crop 

Choice White Karachi flour, W 
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Baking Tests on the Sind Sample3. 

The ten sine! samples were first baked on the 24th September in two sets which respectively 
included Nos. 7, 8, 9, iO and 11 in the first, and Nos. 12, 13, 14, 15 and 16 in the second. 

In every case four doughs were made at intervals of | hour so that the doughs went to the 
oven together representing 3^, 4, 4| and 5| hours’ fermentation respectively. The procedure 
was exactly as that described for the Pusa samples. Each dough was made with 16 gallons of 
liquor per sack. 

DougJhs^—Oi the first set at doughmaking Nos. 7 and^lO were tough and rather clay dike 
having only fair spring and elasticity. Nos, 8 and 9 were rather more tender, but had good 
elasticity and spring i 11 was, roughly speaking, intermediate between these two pairs. 

In the fermentation boxes all doughs showed similar good rises up to the second knock-back 
except No. 8 which was slightly poorer. At sealing time, all the hour doughs showed similar 
very good rises, though 8 was rather poorer than the others. Of the 4-hour doughs all, except 
8 which was slightly behind, had very good rises but 7, 10 and 11 were tearing ; 9 was tearing 
slightly ; 8 showed no signs of tearing and had the boldest top. At 4f hours 7, 10 and 11 had 
very good rises, but 10 and 11, were badly tom whereas 7 had a good bold top and was only 
tearing slightly. No. 9 had only a fairly good rise and was tearing slightly. No. 8 had a poor 
rise and showed no tearing. All the 5 J -hour doughs had fallen ofi badly, 8 and 9 being poorest. 

Nos. 7 and 10 were tough and short at moulding (especially 10) ; 8 and 9 moulded tightly 
with good spring and elasticity ; 11 was intermediate but rather more like 7 and 10. 

In each case the 3 J-hour doughs were full}^ ripe, overripeness being noticeable even at 4 
hours, though 7, 10 and 11 (especially 10) maintained good handling properties best. 

Loaves, — At 3J hours No. 7 had very good volume, and oven spring, and very good outside 
appearance and crust, with a good face. Its crumb was close and even in grain, well-piled, of 
very good spring and texture, with a good pale creamy colour. The 4-hour loaf was distinctly 
inferior in all characters whilst the longer-period loaves were badly down. 

No. 8 at 3J hours had excellent volume and oven spring. It was a very bold loaf with very 
good outside appearance and crust and large double face. Its crumb was very close and even 
in grain, well-piled and of very good spring and texture. It had an excellent creamy white 
colour with a fine bloom. All the loaves of sample 8 were markedly inferior. 

Again with No. 9, 4 hours’ fermentation and oven caused a very sharp falling off in the 
bread. The 3|-hour loaf had very good volume and oven spring and, except for slight tearing 
of the crust, a good outside appearance. Its crumb resembled that of No. 7 at 3r| hours. 

No. 10 at hours had good oven spring and volume but a rather pale and torn crust and 
broken face. Its crumb was fairly close and even in grain, of fairly good spring, good pile 
and texture, and had a pale grey whit© colour with very good bloom. The 4-hour loaf was 
not markedly inferior hut Its crust was duller and its crumb rather more open in grain and 
tougher. At 4| hours it showed distinct failing off in ail characters whilst the 5|-hour loaf was 
badly down. 

The 3| -hour loaf of No. 11 resembled closely those of Nos. 7 and 9. At 4 hours it had 
deteriorated little except that its crumb had become tough and holey and dull in colour. A 
sharp fall occurred at 4| hours. 

Thus with each of the Sind blends the best loaf was thrown at 3^ hours, but whereas 10 had 
the greatest tolerance to fermentation (still giving tolerable bread at 4f hours), 8 and 9 had a 
very limited tolerance (8 being poorest of all). Nos. 7 and 11 were second and third respectively 
in order of decreasing toierauce, but both wore distinctly behind 10<. 
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On the other hand of the hour loaves,, 8 was outstandingly the , best ; 7 and 11 ranked 
next and, not far behind came 9 ; 10 was easily poorest 

Thus a summarised comparison of these five Sind samples is somewhat difficult though 
clearly none of them approached in strength ” or genera! excellence the poorest of the Pusa 
samples. Ho. 8 gave the best bread, and 8 and 9 gave the best handling doughs though they 
did not rise well during fermentation. 

On the other hand, 8 and 9 had the most limited fermentation toleranoe of these samples. 

With the second set of Sind flours was included the 3|‘hour test on Ho. 8 of the first set for 
purposes of comparison. 

Doughs, — M doughmaking 8 and 12 were alike fairly tough with very good spring and 
elasticity. Ho. 16 was tough with fairly good spring and elasticity. Hos. 13, 14 and 15 were 
fairly tough, short and clay-1 ike, 13 being slightly better than the other two. 

All doughs worked well up to the second knock-back, and all the 3|-hour doughs had similar 
very good rises. The same was true at 4 hours but 14 was tearing slightty. The longest 
doughs all showed very good rises, except 12 and 13 which sho'ved only fair rises, but all 
tor e badly. 

At 3J hours, 8, 12 and 16 moulded fairly tightly with good spring and elastlcitj^ (16 was 
slightly poorer than 8 and 12) ; 14 and 15 were tough, short and rather lifeless ; 13 was inter- 
mediate between these extremes. Much the same remarks applied to the 4-hour doughs 
except that 14 was very short. At the longer periods all the doughs were over-ripe though 
14, 16 and 16 retained their handling properties better than did 12 and 13. 

Loaves, — ^Hos. 12 and 8, at 3J hours, were much alike. They had excellent volume and oven 
spring, being large bold loaves of very good outside appearance and crust, and large face. Their 
crumb was dose and even in grain, well-piled and of very good spring and texture, with a very 
good creamy white colour (12 was rather paler than 8). Ho. 12 at 4 hours was only inferior 
in that its crust was more flinty and paler, and that it had a rather poorer crumb colour, but 
4| hours brought a sharp fall. Ho. 13 at 3J hours had very good volume and oven spring, and 
a good face, but rather 6inty, pale crust. It had crumb, close and even in grain, of good pile 
and texture but rather poor spring ('^ Corky ” crumb) with a yellowish colour. The 4-hour 
loaf was similar in oven spring and volume, but had a somewhat slate-coloured crust and a poorer 
face. Its crumb was slightly softer and paler but rather cheesey. The optimum loaf was 
ndicated between 3J and 4 hours : 4| hours and over produced poor bread. 

In the case of sample 14, the 4-hour loaf was distinctly better all-round than the 3| -hour. 
It had very good oven spring and volume, was of good outside appearance and crust with a 
very good face, and had crumb of the fine honeycomb type of grain, well-piled, of very good 
spring and texture with a good but distinctly yellowish colour. At 4f hours the loaf was 
similar but paler both in outside appearance and in colour of crumb. The best loaf would 
have bean thrown between 4 and 4| hours. The fi j-hour loaf was markedly inferior in all 
characters. 

Again with sample 15, a better loaf was thrown at 4 hours than at SJ. It had very good 
oven spring and volume, but a rather bisouity crust and a somewhat crumb of the fairly finely 
grained honeycomb type which had good pile and texture, but only fairly good spring, and a 
deep creamy colour. The 4|-hour loaf was similar but had rather paler crust and poor spring, 
and paler colour of crumb. As with Ho. 14 the optimum was suggested between 4 and 4| hours, 
and hours brought marked deteriorg|,tioB. 
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No. 16, at Lours, Lad very good oven spring and volume and was of very good outside 
appearance and crust witL a large face. Its crumb, was close and even in grain, well-piled, of 
very good spring and texture, with a ratLer yellowish colour. At 4 Lours it was similar but 
paler in crust, and closer in grain of crumb which was of poorer spring, but better colour. The 
best loaf was indicated between and 4 hours. The 4|-hour loaf, however, was only slightly 
inferior (in respect of sjirmg of crumb) to the 4-hour, but SJ-hours mark<?d a definite drop. 

Thus 14, 15 and 16 had quite extended fermentation tolerance, resembling in this respect 
No. 10, No. 13 had a fairly, and 12 a very, limited tolerance; 12 thus resembled 8 as it did, 
moreover, in bread quality as well as in dough handling. 

As with the first set of Sind flours, summarised comparison is not easy because although 14, 
15 and 16 had the longest fermentation tolerance, yet 12, 16 and perhaps 13 gave the best 
handling doughs. On the other Land, 12 gave far and away the best bread of these samples. 
There was relatively little to choose between the best loaves of each of the other samples though 
perhaps 15 was the poorest. • 

With the exception of No. 12, this second set appeared on the whole to be definitely inferior 
to the first set of Sind samples. There was a definite suggestion of ordinary Karachi-wheat 
quality about the crumb of the bread. 

Blending Tests with Sind Samples. 

The biending properties of the Sind flours were now compared through a series of baking 
tests on blends of each flour to the extent of 15 per cent., 25 per cent., and 40 per cent, respective- 
ly with ‘‘ Y ’’ reference flour. This is a different treatment from that accorded to the Piisa 
samples. The baking tests already described left no doubt that with respect to strength” 
the Sind samples were in a different category from the Pusa. Blending tests on a strong 
flour are best carried out with the help of a weak flour, so that an idea can be obtained of how 
the strong I' our will “ carry ” w'eakncss for commercial ^ lending purposes. The usefulness ot 
a weaker flour, however, is judged bj’’ seeing to what extent it can be added to a good average 
blend without adversely affecting the quality of the latter : if its incorporation produces some 
improvement, so much the better. 

On the whole, the Sind flours appeared of such a character as to be best studied by this 
latter method. Y ” reference flour was very suitable for the purpose: it is quite a strong, 
straight run London flour, unbleached and untreated, made from the following grist: — 
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It will be seen that it contains a high proportion of “ strong ” constituents and also that it 

contains no Indian wheat. 

It is a good gasser and the possibility of inadequate gas production is entirely ruled out of 
consideration in the bahing tests to be described. 

In order to link up the Sind with the Pusa flours, the poorest of the Pusa samples (No, 6) 
was included in the series. 

Boughs , — All doughs (cohs) were made with liquor at the rate of sixteen gallons per sack. 
2 per cent, yeast and 4 hours’ fermentation at 80° F. were used, and 0*1 per cent, malt extract 
and 0*05 per cent, ammonium phosphate was added to each dough. 

At doughmaking y ” flour alone was fairly tough and had fairly good spring and elasti- 
city. The blend containing lo per cent. No. 6 was fairly tough with good spring and elasticity ; 
the 25 per cent, and 40 per cent, blends were similar but slightly tougher. The blends of 
Nos. 8, 11 and 12 were very like those of No. 6. 

In the case of 10, the 15 per cent, blend was fairly tough with fairly good spring and 
elasticity ; the 25 per cent, and 40 per cent, blends were tougher and rather shorter. 

With No. 7 the 15 per cent, blend was fairly tough with good spring and elasticity : 25 per 
cent, was rather tougher but 40 per cent, was intermediate. 

In the case of No. 15 and No. 16, the 15 per cent, blends were fairly tough with fairly good 
spring and elasticity, the 25 per cent, was rather tougher but the 40 per cent, was intermediate. 

With Nos. 9, 13 and 14, the 15 per cent, blends were fairly tough (that of No. 9 was rather 
tender) with fair spring and elasticity. With further increasing content of Indian flour the 
blends became tougher and acquired a clay-like feel. 

All doughs worked well throughout the various stages of fermentation and, broadly 
speaking, the diflerences described persisted. As fermentation proceeded the blends appeared 
to ** bind ” rather more than the Y flour alone. This effect was most marked in each ease 
at 25 per cent. 

In the boxes all doughs showed similar very good rises and bad fairly bold tops, and all 
moulded tightly, the differences described having persisted. 

On the tray at flnai proof no significant differences in stability were noticed. 

Loaves , — The loaf from Y flour alone had very good volume and even spring; was of very 
good outside appearance and crust ; and had crumb, fairly close and even in grain, of good 
spring, pile and texture with a pale grey white colour. 

Steady improvement followed the addition of No. 6 up to 40 per cent.. The 40 per cent, 
blend had excellent oven spring, volume and outside appearance and crust. Its crumb was 
peculiarly tough but well-developed. It was rather open but even in grain (though slightly 
holey) of good spring, pile and texture with a pale creamy white colour. 

No. 12 appeared distinctly the best of the Sind samples from the biending point of view- 
Steady improvement took place up to 40 per cent. The 40 per cent, loaf was of excellent 
volume and oven spring. It had a very close even grain of crumb which was well-piled, of very 
good spring and texture with an excellent pale creamy colour. 

No. 8 was not markedly inferior to 12. Again progressive improvement occurred as far 
as 40 per cent, at which point the loaf had very good oven spring and volume, and crumb close 
and even in grain, well-piled, of very good spring and texture with a good pale grey white colour. 

Some considerable way behind these came No. 10 in order of blending merit — rather 
unexpectedly in view of its bread quality when baked alone. Addition of No, 10 op to 40 
per cent, slightly improved y flour. 
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The : remaiiiiBg samples gave best results when added in smaller proportions than 40 per 
cent. With Nos, 7 and 15, 25 per cent, was the best blend, and the resulting loaves were 
distinctly better all- round than that from Y flour alone. With No. 11 the 25 per cent, was 
slightly inferior to the 15 per cent, loaf which, however, was very fine, and was not only superior 
to that from Y flour alone, but approached in general excellence the loaf from the 40 per cent, 
blend of No. 12. 

The remaining samples (Nos. 9, 13, 14 and 16) were distinctly poorer. In each case the 
addition of 15 per cent, of the Indian flour to the Y reference flour caused slight deterioration 
which became progressively greater with the higher blends. The order of merit was : Nos. 9, 
13, 16, 14, 14 being the poorest. 


SUMMMAEY AND CONCLUSIONS, 


Wide variations in type and (Quality have been encountered amongst the sixteen samples, 
so much so, that the extremes almost might be said to typify strength ’’ and weakness 

On the whole, the Pusa samples appeared of much higher (Quality than the Sind though it 
is perhaps not justifiable to make a clean-cut division. 

Certainly the finest samples were amongst the Pusa set and of these No, 6 was outstanding. 
It appeared to be eq^uivalent in value to a good Manitoba wheat, and we have no hesitation 
in saying that if No. 5 can be successfully grown in India, it should be of commercial import- 
ance as a strong wheat. It was most attractive in appearance although quite unlike Manitoba, 
its bright amber colour being in sharp contrast to the typical Manitoba red. It was of excellent 
milling quality. It appeared to offer no difficulties as regards conditioning treatment, and it 
seemed distinctly easier to mill than most customary hard wheats. It gave a high yield of 
flour which was of good appearance (of the hard wheat flour type), and had a remarkably low 
ash content and high protein content. Like many hard wheat flours it was not a good gasser. 

In the bakehouse it gave a dough of excellent handling qualities, with the wide fermen- 
tation tolerance of a strong flour, and excellent bread. It appeared to have the blending value 
of a strong flour. 

No. 4 was nearly as good, generally, as No. 5. Next in order of merit but a long way 
behind came No. 1. 

A wheat of a weaker tjrpe may on account of certain qualities be of just as much commer- 
cial importance as a strong wheat. In this connection certain of the Sind samples appear to 
deserve mention. As relatively weak wheats Nos. 8 and 12 appeared to have high blending 
value. They milled well as relatively soft wheats, and gave good white flours. No. 8 had a 
normal protein content for soft flours, but 12 had comparatively high protein content. It is 
true that they were not good gassers, and they had the restricted fermentation tolerance of 
weak flours, but they gave dough of good handling qualities, from the blending point of view, 
and they appeared to fine advantage in the bread. From all points of view these were supe- 
rior to ordinary Karachi wheat as commercially used for blending in this country. 

Many of the remaining samples may be said to fall between two stools in the sense that 
they possess neither the degree of strength of the best Pusa samples, nor the value of weak- 
ness for blending purposes of the best Sind samples. 

The poorest samples are fairly definitely Nos. 13, 14 and 16, which are certainly of no more 
value than ordinary commercial Karachi wheat. 
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Any fnrtlier attempt to rank tiie samples in order of merit must be tentati¥ely made^ and 
tben in coiiiiectlon witb the Sind samples alone. Nos. 12 and 8 are best left apart for reasons 
discussed. . 

The order of merit of the remaining Sind samples might be as follows : 

10,7, 11,15, 9, 1C, 13 and 14. 

Nos. 13 and 14 are distinctly poorest ; perhaps a fairty sharp dividing line might be drawn 
between Nos. 9 and 16. 


The extensive experimental work involved in the preparation of this report has been the 
work of several members of the staff of the Research Association, in particular of I)r. C. E. 
Jones, Mr. R. H. Carter, Dr. P. Halton and the baker, Mr. W. E. Spencer. Messrs. A. Loev 
and F. W. Newman rendered some assistance in the analytical work and in the milling of the 
samples. 
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ABSTRACT 


Chromosome Behavior and Pollen Production in the Potato. A. B. Longle^ 

J. Agrie. Ben. 41, 837 — 888. 

This paper presents a study of the number and meioMc behavior of chromosomes in tuber- 

bea.riEg forms of Solannm. 

Ten wild species of potato were found to have 12, 18, 24 or 36 as their haploid chromosome 
number. Two species, Solatium commersonii and S. eardiophyUum f. coyooco»«m, with 18 as 
their haploid chromosome number, have meiotio irregularities in their pollen mother cells similar 
to those found in a known Fi hybrid of -S. fendleri x S. c/jacoewse, suggesting that these two 

wild species are natural hybrids. 

Three cnltivated . arieties of iSWaW/Wm grown in iSoiith America have 12 as their 

haploid chromosome number. 

Thirty-seven cultivated varieties of Solanum tuberosum grown in the United States have 24 
as their haploid chromosome number. 

The meiotic behavior of tlie 24-chro2nosome Solamim tuberosum varies from regular in a few 
to extremely irregular in many of the varieties. 

Only the few varieties with a regular chromosome behavior produce an appreciable amount 
of pollen; varieties with an irregular chromosome behavior produce practically no pollen. 
Unfruitfulness in potatoes would therefore seem to be due to abnormal chromosome behavior 
at the time of pollen formation. 

The cbromosome behavior of a few selected individuals seemed to be affected to some degree 

l:)y environmental changes. 

The number and behavior of the (hromosomes in our cultivated potato varieties suggest 
that they have a mixed ancestry, and that tlie ancestors are to be found not in a single wild 
species but in two or more. 
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REVIEW 


The Coeonut Moth ia Fiji. By J. D. Tothill, , T. H. C. Taylor, and 
R. W. Paine. Pp. vii + 269, 119 figs., 34 tab. (Imperial Institute of Ento- 
mology, London, 1930.) Price 31^. 6cL net. 

This handsomely-produced volume is devoted to an account of work done in 
controlling a small Zygaenid Moth, Levuana indesoens, Bethime-Baker 1906, which 
was found to be destroying the leaves of coco-palms in the Fiji Islands to such an 
extent as to reduce the production of copra, and even to imperil the industry 
altogether. In the year 1924 things had come to such a pass that a prke of five 
thousa,iid pounds was offered to anyone who could indicate a remedy ; this offer, 
however, was shortly afterwards withdrawn on the appointment of a staff of three 
entomologists to institute a campaign against this pest. The present volume gives 
an account of their investigation of this one insect from all points of view — 
systematic, bionomic and economic — and that such investigations provide material 
for a whole book may serve to show the scale on which these were carried out. A 
summary of this would be of little use to Entomologists, who should obtain it and 
read it for themselves, and of less interest to those without knowledge of modern 
entomological technique. Suffice it to say that, at the time this book was written 
(in January 1929), the introduction of parasitic control had proved so successful 
that there had been no new outbreak of the pest during the preceding three years, 
and that this successful result was due primarily to the broad-minded policy of 
sending one of the entomological staff to the Malay States to search for and transfer 
to Fiji parasites of another Zygaenid moth attacking coconut palms in Malaya. 

Of special interest to the Entomologist in India are the accounts of Afiona 
oatoxanihu^ Hampson 1893 (pp. 210-216), and of A, albidlta^ Hampson 1900 
(pp. 223-226), both of which occur within Indian limits, and also of Tnohogram- 
nmtoidea mna, Zehntner (pp. 244-248), a Javanese egg-parasite of Biatmeu, Chilo, 
Scirjpofliaga, SeTioenobms and Argyroploce, which would seem worth further investi- 
gation as a parasite of cane-borers in India. [T. B. F.] 
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A CYTOLOGICAL STUDY OF CAPSICUM ANNUUM. 
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1 (1) Introduction. 

The chromoEome nuoaber can only be determined with complete certainty vrhen 
the whole cycle of the chromosomes is taken into account, including comparisons of 
the gametic with zygotic number and the number seen in somatic divisions particu- 
larly at the early stages, A controversy has arisen as to the chromosome number 
in Capsicum anmmm. Kostoff [1926] worked out the chromosome number in 4 
varieties of Gwpsicum anmmm, viz., Capsicum anmmm chileme, C, anmmm grossim, 

: C. mmimm mwfomT 2 Mm, 'C. annuimh nigrum, and found thai} the haploid number 
I was 6. In all ■ varieties 'studied, especially m Capsicmiamh%mmchihnse,hQ ton^ 

that one pair of chromosome was considerably larger than the others and was 
{ usually on the periphery - of the equatorial plate. De Yilmorin and Simonent 

' : : [1927], in studying the chromosome number of various members of Solanaceae 
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family, collated 12 diromosomes in, the pollen mother cells of Cuf simm anmmm 
Jji Ydsi. HotL and Oupswum annmm L. ■ Huskias and Lacoiir [1930] made cliromo- 
some coants in eight varieties of Gupsicim annuum and two varieties of Oapskiim 
bmeatum. In each case the chromosome number was found to be twelve. They 
remark that Kostoffi [1926] states the chromosome number to be twelve at 
metaphase, and that his microphotographs show this number of bivalents. On the 
other hand, his figures showing six chromosomes distributed to either pole are not 
convincing. They conclude that the chromosome number is equal to 12. They 

have also confined their studies to pollen mother cells. 

In view of the fact that Capsicum anmmm is a species which has many ad- 
vantages for genetical study, and that genetical work is in progress at this 
Institute [Shaw, 1929 and 1930] with the species, an investigation has been carried 
out to ascertain the right number of chromosomes in this species. Previous investi- 
gators have made counts only in the pollen mother cells ; in this investigation the 
study of chromosome numbers was extended to the root tips of Capsicum annuum 
in order to determine the diploid number. During the course of this investigation 
some peculiarities were noticed in the Somatic Mitosis, firstly as regards the 
behaviour of the nucleolus which appears to play a more active and important part 
in the metabolism of the nucleus than has hitherto been assumed, and secondly the 
mode of the formation of the cell plate. These have been described in some detail 
in the present paper. 

The pollen mother cells were also examined by the smear method in order to 
find out the haploid number and confirm the results obtained from the root tips. 


(2) Dipioin Number. 

Material and Methods, 

Seed of Capsicum annuum Type 36 and Type 40 isolated at Pusa were kept 
for germination in sterilised petri-dishes. They germinated after four days. As the 
root tips were very small, the germinated seeds were fixed as such at about 12-45 
R.M., this being the time at which divisions were found to be most abundant. Four 
fixatives were tried : — (1) Carnoy's Fluid (glacial acetic acid 1 part, absolute 
alcohol 6 parts, chloroform 3 parts), (2) Shaffner’s weak formula (chromic acid 
3 gms., glacial acetic acid 1 c.c., HgO distilled 100 c.c.), (3) chromo-osmic-acetic 
(10 per cent, chromic acid 1 c.c., 10 per cent, acetic acid 10 c.c., 2 per cent, osmic 
acid in 2 per cent, chromic acid 7 to 8 c.c., maltose 0*2 gr.), (4) Allen's modification 
of Bouin's fluid. (Picric acid, saturated solution in distilled HgO, 75 parts, formalin 
15 parts, glacial acetic acid 10 parts, urea 1 part.) The first fixative caused too 
much shrinkage, the second one fixed only on the periphery, and the third caused 
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uadesiratile blackening which could not he easily bleacliecL The fourth Allen’s 
modifications of Bonin’s fluid was found most suitahle* The material was kept in 
the fixative for 24 hours and then washed in grades of alcohol — 20 per cent, by 6 to 
90 per cent, and absolute. Addition of iithinm carbonate solution was not found 
essential. It was interesting to note that the root tips increased in length a good 
deal ill this fixative. Material was cleared in grades of xylol ' and embedded in 
50 c. — 53 c. paraffin. Sections 10 p thick were cut and stained according to Ilaiden- 
liaiii’s Iron Alum Ilaematoxyiin method. Two hours in 4 per cent, iron alum 
I solution, followed by the same interval in -I per cent, aqueous haematoxylin solution, 

was found suitable for getting the right stain. Orange-G in clove oil was used as 
the plasma stain. 

Ge^ieral Morphology of the Cell, 

The cells are subject to considerable fluctuations of size and shape, especially 
in a growing region such as that of the root tip which is the subject of the present 
cytological studies,. The cells in transverse section are irregularly round, while in 
the longitudinal section, they have a somewhat rectangular appearance, i.e., the 
cells are elongated along the longitudinal axis of the root tip. Tins point has been 
emphasised because in the rapidly elongating tissue the cell divisions commonly 
^ take place in the transverse plane and spindle appears in the longitudinal plane of 

the cell. The division plane of some cells is sometimes changed due to the influence 
of various tropisms which disturb the normal polarity of the spindle, etc. Pro- 
phases and Metaphases are clear in transverse section, while Anaphases and Telo- 
phases are common in longitudinal sections. 

Each cell is rich in cytoplasm of a fine recticulate nature. The cell walls are 
quite thin in the young cells but grow thicker in the older ones. The nucleus ordi- 
narily occupies a central position in the cell and is approximately spherical in shape. 
It is surrounded by a distinct nuclear membrane which is stained darker than the 
nucleoplasm within it and the cytoplasm outside it, and it appears to be a definite 
morphological structure belonging to the nucleus. Inside the nuclear membrane 
‘ there is (1) the linin network which is very very faint in outline, and (2) the small 

chromatin granules which are irregularly scattered and take up a dark stain. 
There is usually one nucleolus in each nucleus but in some two or three are also 
present. Classification of nucleoli into plasomosomes or the true nucleoli and kary- 
somes or the chromatin nuclei, m proposed by Montgomery [1899] and Ogata [1883], 
on the basis that former do not contribute to the formation of chromosomes and 
are oxyphilic and latter contribute towards the formation of chromosomes and are 
basophilic, does not seem to be tenable. The nucleoli are basophilic and contribute 
to the formation of chromosomes as can be seen in Capsicum and is the case in most 
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otter plants ■:wMe1x have teen examined cytologically* The nucleolus when it is 
siogle is large in size, but when two or more are to be found there is a proportionate 
decrease in their size. ■ There is a definite envelope surrounding the nucleolus which 
has a difeent consistency and a staining reaction to the nucleolus. Keference to 
the presence of such a inemhrane surrounding the nucleolus in plant cells has been 
made by Mitzkewitsch [1898] and others. In some cases the nucleolus appears to 
be homogeneous throughout, but in the majority of nuclei it possesses one or more 
vacuolar spaces filled with a substance which appears to differ from the rest of nu- 
cleolus. The vacuolate structure of nucleoli appears to be very common and was 
first noticed in vegetable cells by Schloiden [1849], and has later on been reported 
by various workers. The nucleolus is surrounded by a clear space. Neinec [1908] 
attributes the hyaline appearance of this space to the fact that chromatin granules 
are absent, while Wager [1904] thinks that it indicates the beginning of transfer- 
ence of the nucleolar material to the nuclear thread. No threads as described by 



Wager [1904] are visible suspending the nucleolus to the peripheral wall of the 
nucleus. A number of nucleoli displaced from the nuclear cavity were examined, 
but no such threads drawn from the nucleolus as shown in Fig. 6 (a) of Plate 5 
in Wager's paper on phmeolits could be seen. The nucleolus lies free in a clear 
cavity, which is probably filled with some colourless fluid [Plate XXXIII, Fig. 1]. 

OuUine of Mitosis,^ ^ ^ ^ ^ 

The process of Somatic Mitosis begins with the appearance of numerous small 
delicate threads formed from the reticulum. They join together giving rise to a dis- 
continuous spireme, which resolves itself into deinifje paired chromosomes. While 
these changes are taking place, the nuclear membrane disappears and 24 chromo- 
somes can be seen lying in one plane in the centre of the cell (see text-fig.). Fine 


Text- figure# 




423 


■ CYfOLOGICAt STUBt OP OAFSICtJM AOT'UUM 

fibrils appear in tlie cytoplasm to form tte spindle, but they are not focussed at the 
spindle poles ; the)^ travel more or less parallel to each other from the equator of the 
spindle <aiid converge only slightly towards its poles. The chromosomes undergo 
their final divisions at the equator of the spindle, the daughter chromosomes then 
separate and proceed in opposite directions along the spindle, till they reach nearly 
to its ends. The two groups of daughter chromosomes now reorganise themselves into 
two daughter nuclei. While this process is in progress a cell plate begins to 
appear at the equator of the spindle. At either end of the cell plate there are 
conical structures with which the cell plate is continually extended at its margins, 
until it cuts completely through the cells and the division is complete. 

Pfo/pJmes. 

The early prophases consist in a gradual transformation of the nuclear frame- 
work into a discontinuous thread called the spireme. This involves the following 
changes : — The nucleus enlarges in size and the staining reaction of the chromatin 
granules increases remarkably and they come closer to each other. Tie reticulum 
or the linin network also becomes conspicuous and takes up a brilliant stain, 
Plate XXXIII, Fig. 2. This breaks up at various places and gives rise to numerous 
delicate convolute threads with chromatin granules studded over them like beads. 
The number of these threads is variable and has been counted from 36 to 48 in 
various cells, Plate XXXIII, Fig. 3. These threads join together, grow thicker 
and take up a darker stain, Plate XXXIII, Fig. 4. They are often seen in direct 
contact with the nuclear membrane which gets used up in their make-up. By the 
Joining together of these threads a discontinuous spireme is formed and it lies 
in the form of irregular loops. As these changes are taking place in the reticulum 
there are at the same time remarkable changes going on in the nucleolus. Wager 
[1904] describing the changes in the nucleolus during the prophases mentions 
that as the nucleolus decreases in size the nuclear thread becomes more and 
more prominent and stains in similar way as the nuc,eolus. Oavara [1898] 
as the result of his researches on the nucleoli of various plant cells states that 
during prophases of divisions the nucleoli decrease somewhat in volume 
and break up, and at the same time the linin thread contracts and breaks 
up into chromosomes. Farmer’s [1895] observations on Liverworts support the 
view that nucleolar substance decreases with the growth pf chromosomes. Accord- 
ing to Wilson [1928], true nucleoli often persist with only slight change while the 
■spireme forms, and in later stages rapidly diminish in size, fragment and disappear. 
The author when going through the illustrations of (1) Digby [1910] in her 
studies on the somatic divisions of Galtonia (Fig. 1-10), (2) Praser and Snell [1911] 


:i‘ 

'I 




424 


INDIAN JOTJENAIi OP AGRICULTDRAt SCIENCE 


[I, IV. 


in their paper on the vegetative divisions in Y iota f aba (Fig. lO-li), (3) Davis [1911] 
in Ms cytological studies on Oenothera (Fig. 21-27) and reduction division in 0. 
Gigas (Fig. 50-57), (4) Latter [1926], in her paper on pollen development of laiht 
Tus odofatus (Fig. 3-7) and Fig. (22-26), noticed that the nucleolus gradually in- 
creases in size as the prophases advance and the nuclear thread becomes more and 
more prominent, although this fact has not been mentioned by them. The increase 
in size of the nucleolus during the process of division has been reported by Mitzke- 
witsch [1898] in his studies on Spirogyra. He states that in the process of division 
as the prophases advance the nucleolus increases in size, its membrane disappears 
and it becomes irregular in form. 

An examination of the prophase stages in Capsicum annumn revealed a similar 
change in the size of the nucleolus. It was seen that the nucleolus which is spheri- 
cal ill form and dark staining in the resting nucleus, gradually enlarges in size, gets 
only faintly stained with haematoxylin and becomes pale. Its form changes from 
spherical to oval and later on becomes irregular (Plate XXXIII, Figs. 1 to 6). As 
these changes are taking place the clear space surrounding the nucleolus also slowly 
disappears. It appears probable that through a protuberance from the nucleolus 
(Plate XXXIII, Figs. 5 to 6) some material like nucleic acid due to the presence of 
which it takes up a dark stain during the resting stage flows to the reticulum during 
mitotic transformation, resulting in the faint staining reaction of the nucleolus and 
dark staining reaction of the reticulum. Berghes [1919] in somatic nuclei of Marsalia 
showed that the bulk of basiohromatin material of the nucleus is lodged in the nu- 
cleolus and is transferred to the reticulum in piophases. Flemmings [1882] held that 
the nucleolus contributes material to the formation of chromosomes. Definite proof for 
tltis has been advanced by the studies of Wager [1904], Cardiff [1906], Nichols [1908], 
Cleland [1922], Vancamp [1924], Latter [1926], Sethi [1930] and the present writer. 
The very fact that at the time when the chromosomes and the nuclear framework 
have become completely oxyphilic the nucleoli are often intensely basophilic and 
Dice versa suggests that the nucleoli are the storehouses of some material lilce 
nucleic acid which is drawn upon at the prophase when the chromosomes are resum- 
ing their basophilic character and helps in their formation. 

The most interesting point which I have observed and which strengthens the 
above conclusion is the development of a small protuberance of the nucleolus during 
prophase which joins the reticulum. 

Now the natural consequence of the flow of basichromatic material of the nu- 
cleolus into the chromosomes should he a decrease in the size of the nueleolus. But 
this does not happen, the nucleolus instead of decreasing increases in size 
(Plate XXXlII, Figs. 1-6). Nothing definite can be said as to why this increase takes 
place. The gradual disappearance of the clear space surrounding the nucleolus sug- 
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gests that probably tlie fluid contained in this clear space enters the nucleolus and 
causes increase in its size. The nuclear membrane disappears during late propliases, 
but the nucleolus still persists. It is irregular in outlinej pale in colour and attains 
its largest size at this stage. The spireme thread which is single to begin with now 
segments and the double nature of its segments is often clear. These segments 
assume the form of chromosomes and can easily be counted as twenty-four in num- 
ber lying in a single plane at the centre of th.e cell in a transverse section (Plate 
XXXIIIj Pig. 8). All the chromosomes are not of the same size and shape. 

As these changes are taking place the nucleolus disappears, and the spindle 
fibres begin to make their appearance. Strasburger [1888] who observed the 
disappearance of the nucleolus at about the time the spindle fibres appear during 
prophases of mitosis concluded that nucleolus is a mass of reserve kinoplasm 
which gives rise indirectly to the achromatic figure. It appears that perhaps 
the fluid which flows from the clear space into the nucleolus coagulates when 
the nucleolar membrane bursts and gives rise to the spindle fibres. The idea that 
the author could form about the behaviour of the nucleolus in 
can be summarised as follows i— 

The nucleolus is the storehouse of chromatic material which during prophases 
flows into the spireme, thus showing that it is intimately connected with the 
formation of chromosomes. While the chromatic material is flowing out from 
the nucleolus, the clear fluid from the cavity surrounding it is coming into the 
nucleolus and causing increase in its size. As prophase advances and the nu- 
cleolar membrane bursts this fluid flows out and by its coagulation gives rise to the 
spindle fibres. 

MetafJme, 

As the chromosomes He nearly in a single plane in the centre of the cell at the 
final prophase, the longitudinal split is obscure due to close apposition of longitudi- 
nal halves. But soon after the spindle fibres make their appearance and become 
attached to the chromosomes, the split is clear and the chromosomes are plainly 
double (Plate XXXIV, B'ig. 9). The mode of attachment is not the same in all 
chromosomes. The short chromosomes and the rod-shaped chromosomes show 
temiinal or sub-terminal attachment, while Y or U-shaped ones are attached at 
their apexes (Plate XXXIV, Figs. lUa, 10b and lOc). The chromosomes are not 
arranged on the periphery of the spindle, but they He actually inside the spindle. The 
longer ones, of course, are towards outside (Plate XXXIV, Fig. 11). Two pairs of 
chromosomes possess satellites (Plate XXXIV, Figs. 9 and 13), 
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Anaphase. 

In the beginning of the anaphase the daughter chromosomes {the halves of 
the double chromosomes) draw apart from each other. The shorter chromosomes 
get separated sooner and reach the poles earlier {Plate XXXI. V, Figs. 9 and 11). A 
number of stages could be observed in various slides examined showing the move” 
ment of the chromosomes from the equator towards the poles of the spindle (Figs. 1 
12 and 13), On reaching the poles the chromosomes lie like superposed rays of an 
umbrella one whorl above the other (Plate XXXIV, Fig. 15). There appears to be 
a whorl of smaller chromosomes inside the outer whorl of longer ones. Anaphase is 
considered to be a stage which is passed off rapidly on the grounds that a very few 
stages of tins are seen — if that be the criterion — the anaphase appears to pass rather 
slowly in this case. The satellites of the chromosomes are very clear in this stage 
(Piaie XXXIV, Fig. 13). 

Telophases. 

At the beginning of the telophase the daughter chromosomes remain closely 
pressed together for some time at the ends of the spindle (Plate XXXV, Big. 16). 
They draw in their free ends and form a compact knot (Plate XXXV, Fig. 17), 
(as in Galtonia 7b). Later on this aggregation loosens and the outline of the daughter 
chromosomes again becomes visible, but they are now attached laterally to their 
neighbours at various points in the middle (Plate XXXV, Fig. 18). As the 
telophase advances the free extremities of the daughter chromosomes become 
less and less deeply stained, numerous fine connections appear between them 
and ultimately in the phrase of Greoire a network of networks is 
formed. The chromatin . granules get separated from each other and 
are evenly distributed over the network. These changes do not take place 
simultaneously in all the nuclei for in some daughter nuclei pieces of homogeneous” 
looking chromosomes may still be present, while the outline of others is lost. 

The formation of the nuclear membrane has been a subject of much contro- 
versy. Lawson [1903] has interpreted it as merely a denser limiting layer of 
cytoplasm. Strasburger [1888] has also expressed similar views— lie regards it 
as analogous to the outer cell-membrane and designates it accordingly as inner 
cell-membrane. Some have gone so far as to deny the very existence of a 
nuclear membrane as a definite structure, regarding it as only an optical allusion 
due to the meeting of cytoplasm and nucleoplasm. The studies of the Mitotic 
divisions in Mm clearly show that nuclear membrane is a definite 

structure belonging to the nucleus. The nuclear membrane approaches the 
nuclear framework in its staining reaction more than ■ anything else, ' It is 
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studded over with chromatin granules as is the internal network and appears 
distinctly to be formed from the periphery of the outer chromosomes. The studies 
of Kite and Chambers support this view and it is in accordance with the results of 
the more recent investigations. 

When these changes are taking place one or two and sometimes even more 
dark staining bodies are formed (Plate XXXV, Figs. 20 and 21) evidently by the 
flowing together of the substance of the chromosomes. They are irregular in outline 
to begin with, but later on they assume definite, form and give rise to the nucleoli. 
The nucleoli are organised long after the nuclear membrane has been formed around 
the nucleus. 

Now coming to the Achromatic-Figure. At the beginning cf the telophase 
the fibres of spindle run parallel to each other (Plate XXXV, hig. 15) but as the 
telophase advances the fibres bend outwards at the middle and form a barrel-shaped 
phrogmoplast (Plate XXXV, Fig. 16). It next widens and its sliape changes from 
that of a barrel to that of a biconvex lens (Plate XXXV, Fig. 17). 

The position of the daughter nuclei (still unorganised) changes with the change 
in curvature of the fibres. They follow the apparently shortening fibres towards the 
equator of the spindle and come to lie quite close to the newly forming cell plate 
(Plate XXXV, Figs. 16 to 21), They remain in this position until cell division is 
complete and the cell plate has split to form the two cell membranes and a separat- 
ing wall formed between them. The daughter nuclei then begin to travel back and 
come to lie in the centre of the daughter cell— which is now independent and a 
self-contained unit. 

Signs of the cell plate formation begin to appear long before the nuclear 
membrane appears around the daughter nuclei. Treub [^1887] points out that cell 
plate formation is a progressive process and that the cell plate widens gradually. 
It has been seen in Capsicum that soon after the anaphase has passed the spindle 
fibres begin to tbicken in the equatorial region, the thickenings increase and a cell 
plate is formed. In a longitudinal section of the spindle the cell plate appears to 
be composed of dark staining particles (edge view of the cell plate) (Plate XXXV, 
Figs. 16 to 21). It appears probable that the material in the spindle fibres flows 
from the poles towards the equator, i.e., material from the extremities of each fibre 
comes to its middle point and the enlarged middle points of the adjacent spindle 
fibres fuse with one another and result in the formation of the cell plate. The fact 
that the fibres go on becoming shorter and shorter from the poles towards the 
equator, and that the stain is less towards the extremities of the fibres than their 
middle supports this view. 

Ateach end of the cell plate more or less at right angles to it, appears a 
somewhat conical mass of fibres as seen in the longitudinal section of the spindle 
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(Plate XXXV ^ Figs. 18, 19). Sometimes the cell plate reaches, one side of the cell 
earlier than the other in which case the conical mass of fibres is seen only on one end 
of the cell plate. This is the ring of Kinoplasmic fibrilliar material appearing 
continually in a centrifugal direction on the outside of the ceil plate which goes on 
adding to the cell plate till it completely cuts across the cell. The fibres of this ring 
just like the fibres of the spindle thicken, shorten and finally fuse to produce the cell 
plate material. Bailey [1920] describes and figures such cell division stage in 
cambium initials, which are several hundred times as long as they are wide and 
divide longitudinally by an extraordinary extension of the cell plate. Goldstein 
[1926] makes mention of a similar rim of fibrilliar kinoplasmt which appears as a 
hollow about the portion of the cell plate already formed and continues growing till it 
reaches the wall of the cell, in vacuolated cells of tobacco stem tip and very young 
leaves. 


(3) Haploid Number. 

A Modification of Smear Method. 

Some buds of Cafsicmn annumn types and also of some of the hybrids were 
fixed last winter in Cornoy's fluid, Shafiner's weak solution and Allen's modifica- 
tions of Bonin's fluid, but no division stages could be fixed, where counts could 
be made. Perhaps the fixatives do not penetrate so rapidly through the fl.oral 
appendages as to ensure the fixation of such stages. In order to ascertain the 
haploid number in this species this year the Smear Method as described by Taylor 
[1929] was resorted to. The fixing fluid first used was a chromo-osmic-acetic mix- 
ture of the following constitution : — 

10 per cent, acetic acid .... 2 c.c. 

10" chromic acid 2 c.c. 

Osmic acid dissolved to 2 per cent, strength 

in 2 per cent, chromic acid . . . 1*6 e c. 

Distilled water .... . . 8*2 c.c. 

A few crystals of maltose. 

But this fixative caused too much blackening which could not be bleached by 
Hydrogen peroxide. Allen’s modification of Bouin's fluid was tried next and found 
quite suitable. Taylor [1929] recommends the use of slides cleaned by a long 
stay in battery fluid to ensure fixation, but the writer found that the ordinary 
white slides served the purpose equally well. A preliminary examination of the 
young buds was made to find out the time at which the divisions take place. 
About 10 A.M. was found to be the right time when the divisions were quite abun- 
dant. A few anthers were excised from the bi:d by removing the calyx and 
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corolla and immediately crushed and spread over on the slide with a single smart 
and swift stroke of a clean scalpel so as to obtain a thin uniform smear. Taykr 

recommends that after this the slides must be immediately inverted on the fixing 

fluid bringing it down in a horizontal position, so that the whole smeared face is 
wet simultaneously, for if the slide is brought down on the fluid in an oblique posi- 
tion much of the material will wash ofi. To secure this the slide is placed with 
smeared face downwards on a glass rod in a petri-dish containing the fixative and 
allowed to remain in this condition for a few minutes and then turned right side up 
and left for the full time of fixing. The author found this method rather incon- 
venient, only one or two slides could be placed in one petri-dish, thus necessitating 
the carrying of a number of petri-dishes full of fixing fluid to and fro from the 
field and a lot of fixing fluid was used up. Therefore the petri-dish was replaced 
by a staining dish with 12 grooves, which could accommodate about a dozen 
slides at a time and only hundred cubic centimeters of fixing fluid were required 
to fill it. One slide after another as it was prepared was placed immediately in a 
vertical position in the staining dish containing the fixing fluid. The fixing fluid 
(Allen’s modifications of Bouins Fluid) was allowed to act for an hour or so and 
then poured back for use at another occasion. It is generally recommended that 
after using fixative containing Picric acid washing should be done with 70 per cent. 
Alcohol. But it was found that it caused too much shrinkage, so washing was 
done in changes of 30 per cent. Alcohol followed by grades of 20 per cent., 15 per 
cent., 10 per cent, and 5 per cent. Alcohol. A few drops of saturated solution 
of lithium carbonate were added now and then. In this way the slides were 
brought down to water and washed in running water for an hour. The slides were 
stained according to Kaufmann’s [1927] modification of the Taylor s staining 
schedule and gave quite good results. 

(1) Mordanting in 2 per cent, iron alum solution for 45 minutes to an hour. 

(2) Washing in running water for about 10 minutes. 

(3) Staining for an hour or so in per cent, haematoxylin solution. 

(4) Differentiating in 1 per cent, solution of iron alum. 

The slides were dehydrated in grades of Alcohol, cleared in Xylol and mounted 
in balsam. 

This modification of haematoxylin-balsam-smear method has been described 
in detail so that it may be of use to other workers carrying on similar research. 

Chromosome Counts. 

An examination of the smear preparations showed that the reduced number 
of chromosomes appears at the first mitosis in the pollen mother cell (Plate 
XXXVI, Fig. 1). The two nuclear divisions of meiosis occur in rapid succession 
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before mj wall formation begins and four miciospore nuclei are formed inside the 
microsporc mother cell. Each microspore nucleus becomes invested by a delicate 
wall which is independent of the wall of the mother cell and thus four microspores 
are formed. The arrangement of microspores in the mother cell is commonly 
tetrahedral (Plate XXXVI, . Pigs. 6 and 7) resulting from simultaneous mode of 
division of its nucleus, but cases are met with where the arrangement is bilateral 
(Plate XXXVI, Figs. 3 and 4) due to successive divisions taking place during 
meiosis. 

There appears to be a tendency for the bivalents to come close to each other 
at ' the poles after each division and thus give an impression that the haploid num- 
ber of chromosomes is six (Plate XXXVI, Fig. 3). Suchdike stages must have M 
Kostof! [1026] to the erroneous conclusion that the haploid number is six. But 
counts were made in many dividing microspore mother cells at the first as well as the 
second division and it was found that there were twelve chromosomes (see micro- 
photograph, Plate XXXVII). This confirms the result obtained from the study of 
somatic divisions in the root- tips, where the chromosomes were counted to be 
twentyfour in number. Thus the haploid number of chromosome is 12 and diploid 
24 in Capsicum annwum 

Summary. 

1. The diploid number of chromosomes in capsicmn anmum is 24, 

2. The nucleolus during the prophases of mitosis gradually increases in size. 
It gives only a slight reaction for chromatin when the linin network becomes 
prominent and takes up a dark stain. 

3. The nucleolus is intimately concerned in the formation of chromosome, it 
puts forth a small protuberance which joins the spireme and through this protuber- 
ance the chromatic material stored in the nucleolus is possil)ly transferred to the 
clironiosomes. 

4. The nuclear membrane appears to be formed from the periphery of the 
outer chromosomes and is used up when they are being formed. 

' ' 5. The ■ cell plate is continually extended at its free margins by means of the 
Kinoplasmic ring until it finally cuts completely across the cell 

6. A modification of Ilaematoxylin-balsam-smear method as used for the study 
of chromosome numbers in pollen grains is described in detail in the text. 

7. The haploid number of chromosomes is twelve as reported by Huskins and 
Lacoux [1930] and not six as mentioned by Kostoff [1926]. 

8. Simultaneous and successive divisions take place in the different microspore 
mother cell giving rise to tetrahedral arrangements of microspores in some and 
bilateral in others, although the former is more common. 
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Explanation of Plates. 

Figures 1-21 in plates XXXIir, XXXIV, and XXXV. showing the different 
stages of mitotic division are based on preparations of material fixed in Allen’s 
modification of Bouin’s fluid and stained in iron-haematoxylin and have been drawn 
with the aid of a Leitz Camera Lucida. A Zeiss 1-12 inch homogene immersion 
objective has been used with K 12 Zeiss ocular— thus giving a magnification of 
1500. All the drawings have been made at the level of the base of the microscope 
and not at the level of the stage ; so the magnification of the drawings is propor- 
tionately greater. 

Figures 1-7 in plate XXXVI showing the dividing pollen-mother cells are 
based on smear preparations only and have been drawn as mentioned above. 

Plate XXXVII is an enlarged microphotograph of a pollen- mother cell. 

Plate XXXVIII. Prophase stages as seen in cells in the transverse sections of 
the root tip. 

Figure 1. A cell with a dark staining vacuolar nucleolus and a faint reti- 
culum. Note the clear space surrounding the nucleolus. 

Figure 2. Less dark stained nucleolus but larger in size and a prominent 
reticulum. 

Figure 3. Still larger nucleolus and network broken into small thread like 
structures. 

Figure 4. Enlarged nucleolus with a protuberance and the discontinuous 
spireme. 

Figures. Portions of spireme in direct contact with nuclear membrane, 
nucleolus still bigger. 

Figure 6. Xucleolus very large in size, irregular and pale, nuclear membrane 
disappearing. 

Figure 7. Nucleolus disappears. Spireme breaks up, nuclear membrane 
absent. 

Figures. 24 chromosomes in the centre of the cell— the equatorial plate. 

Note the cleft in the chromosomes. 

Plate XXXIV. Metaphase and .Anaphase stages as seen in cells in the 
longitudinal sections of the root tip. 

Figure 9. Metaphase- chromosomes just separating. Note two pairs of 
■ chromosomes with satellites. 
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Figure lOa^ lOb^ lOo, Differect modes of attacbmenf of the fibres. 

Figure IL Anapbase. Cliromosomes have separated from each other. 

Figure 12. Anaphase. 

Figure 13. Anaphase — note the satellites ; two pairs of chroinosom.es have 
broken out. 

Figure 14. Anaphase, Chromosomes have reached the poles of the spindle. 

Figure 15. Final Anaphase. Note the superposed nature of chromosomes. 

Plate XXXV. Telophases. 

Figure 16. Baughter chromosomes closely pressed at the ends of the spindle. 
Thickened fibres at the equator indicating the beginning of the cell 
plate formation. 

Figure 17. Aggregation of chromosomes into knots at the poles of the 
spindle. 

Figure 18. Laterally connected chromosomes — ring of kinoplasmic fibres cut 
longitudinally. 

Figure 19, Daughter nuclei in reconstruction-cell plate extending. 

Figure 20. 2000 X. Note nuclear membrane formed from the periphery of 
outer chromosomes. Nucleolar bodies are appearing. 

Figure 21. Note the position of the daughter nuclei— the cell plate has nearly 
reached the walls of the cell. 

Plate XXXVL Stages of Mitotic Division. 

Figure 1. Twelve chromosomes on either pole of the pollen mother cell 
after the first reduction division. 

Figure 2. Second division metaphase. Note the simultaneous mode of 
division. 

Figure 3. Second division very early telophase, the chromosomes have come 
close together and appear as if they are six. 

Figure 4. Bilaterally arranged microspores within the wall of the mother 
cell. 

Figure 6. Successive mode of division. One set of chromosomes in second 
division metaphase. 

Figures 6 and 7. Tetrahedrally arranged snicxospores within the wall of the 
mother cell, 

Plate XXXVII. An enlarged microphotograph showing twelve chromosomes 
on either pole of the pollen mother cell after first reduction division. 
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PURPLE PIGMENTATION.* 

BY 

G. N. RANGASWAMI AYYANGAR, B.A., I.A.S., 

Millet SpeGidist, Agric-dLuml Research Institute, Coimbatore ; 

AND 

P. KRISHNA RAO, L. Ag., 

Assistant to the Millet SpeeialisL 
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(With Plates XXXVIII to XLI.) 

Introduction. 

Elmsine comcana (Giertn), ragi of Madras, nagli and mama of North India, is 
a millet grown over an area a little under 4 million acres in British India and 
another 2| millions in Indian States i^oide statistics below). 

Agricultural Statistics of India, 1927-1928, area under ragi. 


Provinces (Brilisli). 

Madra-s and Coorg 
BiinTP and Orissa^ 

Bombay . • » « . 

United Provinces 

Punjab 

Central Provinces and Berar 
Bengal . . . 

Ajmer-Merwara and Maninir Pargana 


Indian States. 

Alyso re State • 
Hyderabad State 
Madras States . - 

Punjab Agency States 


Area in acres, 
2,304,893 
, . 712,900 

627,362 
163,848 
21,836 
12,372 
8,200 
298 


A paper read at the Fourteenth Annual Meeting of the Indian Science Congress at Lahore (1927), 
and sa])pleuieri ted with further data. 


3,861,709 

2,334,176.. 

.272,795 

30,710 

14,422 
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Indian Stales-^ eontd. 
Punjab States . 
Kaslimir State . 
United Provinces States 
Bajpiitaiia. States ■ . 
Boiiiba}^ States « 
Central India States 


12,528 

2,167 

1,047 

709 

5S4 


2 , 671,481 


III Britisb. India, tbe Madras Presidency grows about § of the area, Bihar and Orissa 
about h and Bombay about J. In Indian States 2'| out of 2| millions is to the 
credit of Mysore, a State adjacent to the Madras Presidency. This cereal is tliere- 
fore one in which Madras has a preponderant interest. ■ The study of this millet was 
begun in the year 1924 and this paper records one aspect of the progressed work, 
namely, purple pigmentation in the plant-— the various types, their inter-relation- 
ships and inheritance, and the behaviour of these pigmented types towards the 
unpigmented greeii-throughouts. 


Description. 

Eleusine eoraoana (Garitn) is a sm.all-grain,ed cereal belonging to the group of 
cultivated crops called millets. A medium-sized annual, it grows to a height of 3 
to 4 feet with a ca. paucity to tiller a-iid branch freely. An individual plant tends to 

in general outline and confi,giiratioii a chandelier. The stems are somewhat 
compressed, elliptic, tough and smooth and much ensheatiied, exposing very little 
of the internodes. The base of the leaf-sheath develops a belt of swollen, tissue 
which will hereafter be referred to as the nofkd-bmut The sheath and the leaf- 
blade join together and form a special light-coloured triangiihrr piece of tissue to be 
hereafter referred to as ihe jmction. The leaf-blade has a prominent midrib, and in 
spite of this many of the well grown leaves show a tendency to snap and hang down 
about their upper middle. Such leaves will hereafter be designated beMt-leaves. 
These bent-leaves gradually cease to function and dry off. The inflorescence Which 
is characteristic of this cereal is borne on a long peduncle, from the end of which 
4 to 6 spikes radiate in a whorl. The end of the peduncle from which tlieBe radiate 
is referred to as the basal-ring^ owflng to the presence of an irregular ring of slightly 
swollen tissue. The spikes are called and the odd one, often found attached 
to one edge of the flattened peduncle a little lower than the basal ring, is called the 
thumb. The spikes are either straight or curved inwards. In eacfl finger there are 
a number of spikelets {60 to SO) wdiich are arranged in two rows and alternately 
attached to one side of a flattened rachis. The spikelets are sessile and contain 5 
to 8 glumes each, of which the two lowermost are barren and the rest are j/aleate 
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enclosing a complete flower consisting of an ovary witli two featii cry stigmas and 
three anthers* The anther sacs, during dehiscence, split longitudinally and with 
their inverted margins present the appearance of two Boats back to back. The 
ovule develops into a seed which is globular and encased in a membraneous 
pericarp. 

Purple Pigmentation. 

As in the case of all cerealS; mgi falls into the two broad groups of purple 
pigmented plants and non-purple pigmented plants which are hereafter designated 
Gfesnrihfoiigliouts. Tlie purple pigment is of the anthocyanin type. The presence 
of purple pigmentation and the details of its distribution in the plant serve as 
a guide to the broad groupings of the varieties of the crops, in each of which other 
accessory factors like panicle shape, etc., afford subsidiary groups. The build of the 
plant makes it a rather difBcult meterial in which to pursue purple pigmen- 
iT* tation with that clarity which marks its presence in rice and Italian millet. Tills 

difficulty notwithstanding, attempts have been made to study and classify the 
various pigmented tj^pes of ragi. It is this purple pigmentation, mostly of the 
earhead, that gives a field of mgi its characteristic violetish appearance when 
in full bloom. 

Development oe Purple Pigmentation. 

In the commonest type of purple-pigmented mgi, the first indication of the 
presence of this purple pigmentation is found at the junction in seedlings as young 
as 10 days old. With the growth of the seedling and the consequent growth in the 
leaf -blade, bent-leaves begin to appear and in these, at the bend and on to the tip, 
there is a run of purple. At a further stage of growth when the first nodes sliow 
out, their nodal-bands take on the pigmentation, manifested here with a darkish 
tint. With mcreased growth, such bits of internode as the intense eiisheathing lets 
out, begin to take on a rirasli of purple, more of a self-colour and less of lines. Wlien 
the plant starts flowering and the panicle comes out, the emerging gliiines and paleui 
develop the colour prominently at the tips and in their nerves. When the head 
is fully out, the basal-ring shows the colour markedly. The most striking mani- 
festation is in the stigmatic feathers and the anthers freshly emerged and a mass of 
these, together with the coloured glume tips, give a field of purple-pigmented ragi, 
the violet look peculiar to this field crop. As flowering proceeds the peduncle gets 
coloured up also. The optimum manifestation of purple pigmentation is from the 
flowering to the milky stage of the grain, jafter which there is a gradual falling off in 
the depth of the pigmentation in the earhead. Advancing age, however, loosens 
out the inteinodes, w^hich together with the prominent nodal-bands retain the 
purple pigmentation as long as they continue to be sappy. 
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Light naturally plays a very important part in the manifestation of this purple 
pigmentation, the best colour being in parts exposed to direct sun-light. The 
eastern sides of the plant get more deeply tinged than the western. The pigment 
is of the anthocyanin type and is confined to the outer epidermel cells. In 
sections of pigmented material like the sheath base and internode, etc., it shows 
mostly as a bluish granular deposit with some cells showing pinkish- coloured cell 
sap. It rarely extends to the sub-epidermal layers. 

PoEPLE-PIGMEimiD TYPES. 

There are three broad groups of purple-pigmented plants. 

Group I. Purple (Plate XXXVIII). 

„ II. » Dilute ” Purple (Plate XXXIX). 

„ III. “ Localised ” Purple (Plate XL). 

Growp I. The Purple.— The pigmentation in this group, is prominently mani- 
fested in the junction, bent-leaf, nodal band, internode, peduncle, basal-ring, 
glume, anther and stigma. This is the commonest kind under cultivation. 

Group II. The “ Dilute ” p-urple . — This type is a definite variant of Group I, 
showing a quantitatively less amount of pigment. It is similar to the purple in 
junction, bent-leaf, internode, peduncle, bassal-ring, anther and stigma, but differs 
from it in showing a marked reduction of pigment in the glume and nearly a total 
absence in the nodal-band which is almost green excepting in rare cases where a 
few odd specks of purple appear. 

Group III. The “ Localised ” Purple . — This type shows the least amount of 
purple, which is confined to the floral parts. The glumes show a very little amount 
of purple which can be detected only by a hand lens. The anthers after dehis- 
cence show a faint ring of purple on the margins of the anther slits and the stigma 
is so little tinged with purple as mostly to escape detection by the naked eye. In 
spite of this faintness of manifestation, the little pigmentation there is, is just 
enough to dullen down the freshness of the green backgroimd, so that in mass 
effect, these localised purples are separable from the green-throughouts. (Plate 
XLI). 

In addition to these three definite groups of pigmented types, there are some 
sub-groups under each group varying in the direction of increasing or decreasing 
depths of pigmentation of all or some of the parts. As already mentioned, ragi is 
such a difficult material for the pursuit of this study and as such, attention has 
been confined to the above three patent groups and their genetic inter-relationships. 
These other variations of the major types are however under further intensive 
study. 
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Genetic eblationships. 

Purple pigiiieatation in mgi, s-s is generally, the case in other crops, is 
dominant to tlie iinpigmeiited condition. The localised purple is t e asic puip e 
and will he designated by the symbol PP, while the green-thrwghout 
that altogether lacks purple pigmentation by the correspont mg pp.^ m P rp^ - 
pigmentation factor is supplemented by the action of two mtensifymg 
and I,. Ii acts on basic purple, intensifymg and bringing it up to the Di ute 
purple" class. This class is represented by the symbol PPIi Ii- I., the second 

intensifying factor, acts only in the presence of Ii. With “Dilute puiple it pio 

duces full pigment in glumes and nodal-bands and raises it to the purple class 
svmbolised P P Ii Ii h h- h by itself, however, iu the absence of Ij. faik to 
have anv visible effect on the “Localised” purple, beyond making it consmt of 
two genkic groups, viz., PPii ii h h which is allelomorphic to the purple and PPii 
u i, ia which is allelomorphic to the “ Dilute ” purple. 

"corresponding to the four purple-pigmented genetic groups, there are four 
groups of green-throughouts which are their genetic recessive analogues, mz., ppli li 
I2 I2, ppli Ii i2 i2> PPii ii I2 ^2 aiitl ppii ii ia ia- They look ahke and hy suitable 

bree"ding tests, their latent genetic capacities to respond to the P factor are made 


Beliaviour 


— G/r.) Segregation for P factor only. 

C.T.) Segregation for P—Homozygous for and I.. 

L.P.— G.T.) Segregation for P and Ij— Homozygous fur la* 

DiL P. — G.T.) Segregation for P and — Homozygous for 1 2 
S : 4 

L.P.) Segregation for Ij— Homozygous for P and Iq. 

DiL P.) Segregation for I2-— Homozygous for P and Ii- 
DiL P.— Seerreuation for L and D — Homozygous for P. 
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Localised Purple {PPii h 


NuBiber 


Cross (1926) 
Bireii'fc » 


Cross (11b 


Table II. 

Purple {PPlylJ^l^ and Green-lJmmjlioul {p2:>hhhh) 


Gross (1929) 

Parent 


Pg (from M, C. 20 family.) 
Chmacter of selection. 

Purple 


Pg (fro7n IL 0, 21 family,) 
Purxjle . . . 


Number 

Ciiarae 

P. 



E. 0. OXVIL 

E. 0. 47 

E. C. 477 

o 

Purple 

E. 6. 1504 

197 

E. C. 20 

142 

E. a 21 

138 

E. 0. 257 

pure 

E. 0. 258 

pure 

E. 0. 262 

jiure 

E. a 266 

pure 

E. 0. 259 

158 

E. C. 260 

138 

E. a 261 

130 

E. G. 263 

- . 133 

E. 0. 264 

148' ■ 

E. C. 265 

135 

E. C. 271 

pure 

E. 0. 273 

pure 

E. a 267 

138 

E. 0. 268 

132 

E. 0. 269 

138' 

... 151 

E. 0. 270 

E. 0.272 

143 

E. 0. 274 

158 

E. 0. 275 

150 

E, 0. 276 

160 
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Table III. 


Pwph {PPIJJJ^)—LoeaUsed fuvfle {PPiihhh) Green-throughout 


Generation 

Number 

Characters 

P. 

L. R 

G. T. (ppIiIjIaL) (G. T. ppiiiil^Ii.) 

G. t/ ■ 

iSfaturai Cross (1925) 


Purple 



Fa , ■ . 

E. 0. . 61 

103 

36 

40 

S'. 





Oharader of seledton. 





Purple 

E. C. 477 

pure 




E. 0. 4S3 

252 

80 



E. C. 478 

125 


42 

*$9 

E. 0. 479 

354 


98 


E. 0. 485 

317 


108 


E. 0. 486 

384 


109 


E. 0. 475 

277 

90 

126 


E. 0. 476 

253 

92 

94 


E. C. 480 

260 

80 

115 


E. 0. 48i 

158 

53 

69 


E. 0. 482 

164 

57 

68 


E. 0. 484 

163 

49 

60 

L.P. . 

E. 0. 471 


pure 



K 0. 473 


pure 



E. 0. 469 


211 

' 83' 


E. 0, 470 


221 

,'81 


E. 0. 472 


327 

100 


E. 0. 474 


245 

76 

G. T. 1 ! 

E. 0. 403 



All 


E. 0. 464 



All 


E. C. 465 



All 


E. 0. 466 



Ail 


E. 0. 467 



All 

' 

E. 0. 468 



All 


^Green-tiiroiigliOTits, owing to the absence of degrees of purple pigmentation, are not separable 
into their component genetic compositions, except wdien bred out of their simple eoiour allelomorphs. 
When so inseparable, they are shown under a bracketed G. T. 

This clan E. 61 having been thus genetically analysed, an artificial cross was 
made between a green-througbout (ppliplglg) E. C. 994 extracted from family 
No. E. C. 478 and a Localised Purple PPiiiPala) from E. C. 473, two individuals 
of known genetic composition from tbe above table. This cross gave, as expected, 
a purple plant in the first generation, confirming tbe bringing together of the 
intensification factor (Ij) through the green-throughout, and the purple factor 
(P) through the localised purple. 



Characters 


Number 


Parent 


Pg {from IL G. 167 9 family.) 
Charader of selection. 
Purple , . . . 
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Table IV. 

Purple {PP1J,IJ„). Dilute Purple (PPhlAs) Green-tJirougliout (pplihhh) 

and [ppI-JiHii)- 


E. 0. CXX. 


E. 0. 994 


E. 0. 543 


Purple 


E. 0. 1579 


E. 0. 1580 


E. 0. 1998 


E. 0. 1999 


B. 0. 2003 


E. 0. 1993 


E. 0. 2000 


E. 0. 2001 


E. 0. 2002 


E. C. 1997 


B. 0. 1994 


E. 0. 1995 


E. 0. 1990 


E. 0. 2004 


E. C. 2006 


B. 0. 2007 


E. 0. 2009 
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Table V. 

Purple (PPii/1/3?.,) localised pmyle (PP-»i«j 


Number 


G^eiioration 


Cross (1927) 


Parent 


Table VI. 

2). Dilute purple (PPI 1^3^ 2) 


Number 


Generation 


Parent 
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Table YII. 

Fiirph (l‘FI ,1 JJ .,). Dilule Fwrple (PFljlii-p^) and Localised Purple {FP' 




Geueraliiou 


Cfuss (1937) 


^ 3 ® « 

Ghamcter oj selection. 
Fuiple . 


! Ciuii'actei's 

I mi P. L. P. (PPi.tjIJ^)- P* 


(rKpiPia) 


E. C. XLVIiJ 


E. 0, 302 


S. C. 542 


E. C. 1304 


E. a 1031 


E. 0. 1630 


E. C. 1640 


E. C. 1634 


E. 0. 1032 


E. a 1633 


E. C. 1635 


E. C. 1636 


E. C. 1637 


E. 0. 1638 


E. C. 1641 


E. 0. 1642 


E. a 1643 


E. C. 1644 


E. C. 1645 


E. 0. 1647 


E. a 1646 


E. G. 1648 


E. 0. 1649, 


E. 0. 1650 


I 

I 


1 




r 

I 










ill 


■f 

I ' 

' t 


1 J 
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T-ablb VIII. 


Pwrfle Dilute purple {PPI^I^^i^^y-Locdised-pufple {PPiAhh), 

{PPi-^i^i^^, — and Green-throughout (pp^ili^z^z)’ {fP-i^iH'^2)- 
and (p'PxHizi^- 




Cbaracters 

0 

u 

1 

25 

Number 

P. 

Bil. P. 

L, P. 

G.T. 

Cross (1929) . 

E. 0. GXIX 

.. 

j 

. . ^ ' j 

•• 

.. 

Pareat 

»» • * • 

E. 0. 993 G. T. (ppiiiiVa) . 

E.O. 543Dil..P. (PPIiI,i,y. 

. . 

* • 

. * 

• * 

F, ... 


Purple 

.. 

•• 

•• 

Pgf ■ . . 

E, 0,1577 . . . . 

85 

36 

49 

67 

9 , « « , 

B, 0, 1578 .... 

99 

38 

50 

53 


1 Total 

1 ^ . 

184 

1 

99 

120 


Expected numbers 

201 

67 

89 

120 


Tlieoretical ratio . 

27 

9 

m 

12 

16 


X> = 3-29 P = ’3 


The results presented above amply confirm the genetic interpretation given 

in introducing them. ^ 

It is interesting to note that the full purple-pigmented type is built up by 
an accumulation of single factor dominants, the whole of the purple group being 
marked off from the broad group of green-throughoiits, by the presence of a single 
factor for pigmentation. It is further noteworthy that these greens could be 
separated into their respective genetic pigment-producing potentials. 

SUMMAEY. 

As in the case of other cereals, purple pigmented plants are dominant to 
green-throughouts in mgi, Eletisim Goracana, (Gasrtn.). Three distinct types 
of pigmentation, varying in intensity are met with, each showing a single factor 
advance over the next lower one. Breeding tests have revealed the possibility 
of classifying the green-throughouts into types of various kinds of purple pigment- 
producing potentials. 
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Introduction. 

Sorghum is the Great Millet. It is extensively grown in India and has special 
adaptations for its being pre-eminently a crop suited for cultivation under dry 
conditions. This cereal has attracted the attention of botanists, agronomists, and 
plant-breeders for a considerable time. With the starting of the Millet Breeding 
Station in the year 1924, the study of sorghums commenced on a serious footing 
at Coimbatore and this paper records one aspect of the work, namely Anthesis 
and Pollination. It is natural to expect that such a delicate process will vary 
with various seasonal, climatic and regional factors. What is recorded at Coim- 
batore cannot, therefore, be taken to be of universal application but only as a 
measure to the delicacy of response in so vital a, process. The findings of other 
workers have been brought under general review and are referred to as occasion 
arises to parallel the observations at Coimbatore. 

Material. 



The observations given below were made on six varieties, in one of which 
they were pursued in great detail. These were recorded primarily in the years 
1927 and 1928, aspects of special confirmatory observations being continued till I* 
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1930. Eeferences to the new variety Sorghum nmrga/reliferiim given below are 
as late a,s February, 19.31. Tlie varieties studied are given below 


Sorahmn Dufrn— 


CliiBna-maDjal 
Seii-cliolam. . 
Cliitrai-vellai . 
Peria-manjal . ' . 

iS. EooGbiirgJm^ var. hums.- 
Talai'viricliaii' 


B* Nervosum-' 




(A.S. 802) — in detail 
(A.S. 841) 

{A.S. 727) 

(A.S. 44) 

(A.S. 468) 


. . . (A.S. 1130) 

— A.B.^Andropogon Sorghmi. 


The Flag 'I 

• Tbe beginning of the reproductive phase in sorghums is the impending 
ushering out of the boot ’7, which is the terminal leaf- sheath. Its leaf-blade 
is the '‘flag"’. Prior to the emergence of this boot, the stalk at the top of the 
plant assumes a characteristic swollenness, txnmistakably indicative of the impend- 
ing emergence of the flag. The boot has its flag to push out and observations 
made from the commencement of the coming out of the tip of the to its 
complete emergence, show that it takes about 6 days toAlo so. 

The Emergence of the Boot. 

After the flag is out, the emergence of the boot proper begins. Emergence is 
taken to connote the contact of the ultimate node w.ith the peiiiiltiniate '' jiinc- 
tion "h The junction is the triangular hand of light-coloured, specialised tissue, 
at the meeting place of the leaf-blade and the sheath-top. The boot takes about 
nine daj^-s ' to emerge. In longer duration varieties there is a correspondingly 
longer time taken for this emergence. .In the case of 8. Roxb. var. hims, it takes 
more than a fortnight. 

The Emergence OF THE Panicle, 

When the boot has emerged, the ' enclosed ear-head starts to peep out con- 
currently. It tabes 5 days for the base of the ear-head to get clear of tlie boot. 
A corresponding increase in the number of clays is indicated with long duration 
varieties, fox example, over ten days in the case of S. Eoxb.rm:. Mams. 


f 


i 

. 
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The Stalk, 

After tlie lieaci is out, its stalk begins to grow and pushes it aloft in about 5 
clays" time. Tlie length of stalk of the ear-head varies considerably and is a varietaJ, 
character. In tlie (3ase of S, Eocd), ^^-ar. Jmns, the emergence' of the head lea,ves 
little else to come out of the boot. ■ Whereas in S, IS! ervosimi, characterised by its 
long flowe-r-stallv:, the extra length is pushed out with greater ra,j>idity and with- no 
appreciable difference in this phase of emergence. In the com]3act-headed varieties 
characteristic of the black soils of' the Deccan the liberation from the eiishfiathiiig 
boot is effected not so much by the lengthening of the stalk as hy a gentle twist at 
the base of the stalk which dodges the head out and keeps it clear and paraJlel to 
the boot-sheatln 


The Bae-head. 

Before describing the anthesis, a general sketch of the floral units composing the 
emerged head is given below for the commonest variety >S. Durm. We have closely 
followed Prain [1917]. 

The PaM'ide . — Panicle usually quite compact, ovoid or ellipsoid, erect or some- 
times recurved, 4-6 inches by 2-4 inches ; branches erect, more or less flexiioiia, ratl.ier 
slender, rough to spiniiloiisly ciliolate, particularly upwards, ciliate to sub-villous at 
the base, the longest up to one-half or a third the length of the panicle^ divided from 
very low down. Eacemes compact, tough, about 6 mm. long (in flower), mostly 
3* or4-noded; joints somewhat stout, flattened, 1 to almost2mm. long,whitisli- 
ciliate ; pedicels similar, but still shorter. 

The panicle consists of a much furrowed central axis with lateral branches 
arranged in whorls. Generally 10 whorls are present. Each whorl has 7 to 8 
branches except at the extreme tip of the panicle in which they are few'er. Lower 
vrhoiis bear the maximum number of spikelets in the head. 

Mature panicIevS very dense to compact, rarely more or less loosened owing to 
the reduction of the primary axis and the consequent sub-digitate arrangement of 
the branches ; spikelets alw-ays densely clustered. 

"Sessile, bisexml sjnJceleL — Sessile spikelet rhombic-obovoid, subacute (in flower) ; 
5-6 mm. by 3-1 mm ; callus beard scanty ; awned or awnless. Lower glmm^ wdtli a 
rather conspicuous, greenish, usually strongly nerved tip. Glumes equal, coria(;eous, 
up to beyond onehalf or two-thirds, then papery, unevenly strigillose, particularly 
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at the tips and sides ; 2 keeled upwards (keels rough), more or less flattened out 
and very broad to rotundate when mature with the tips worn off. 

Glume I.— Encloses Glume II ; edges hairy ; thick and opaque ; apical 
portion 9-nerved ; nerves green. 

Glume II.— Encloses Glume III ; edges hairy ; thick and opaque ; has a 
central ridge ; seven-nerved of which three are very pro- 
minently green. 

Glume III.— Encloses Glume IV ; hyaline ; 2-nerved ; nerves colourless. 

Glume IV.— Hyaline ; bears the palea ; bears the awn in awned heads and a 
vestige of the awn (which does not show itself out) in awnless 
ones. V/here the awn starts 3 nerves coalesce. The 3 nerves 
are colourless but are brown where they unite. 

Palea.— Situated opposite to Glume IV ; a long narrow strip of transparent 
tissue ; no nerves ; hairy. 

Stamens.— Three —a pair and an odd opposite ; anthers 3-4 mm. long ; 
anthers open by apical slits. 

Ovary,— One ; two stigmatic branches ; styles terminal, laterally exserted ; 
feathery stigmas start from the middle of the style. 

Lodicules.— Two ; fleshy ; ciliate. 

Unisexual, feMcelled spiMets —The pedicelled spikelet persistent, lanceolate to 
linear-oblong, sub-acute, up to 6 mm. long, permanently herbaceous. 

Glume I.— Thick and opaque ; 9-nerved ; nerves green ; encloses Glume II. 

Glume II.— Thick and opaque ; 8-nerved; nerves green ; encloses Glume III. 

Glume HI.— Hyaline ; 2-nerved ; nerves colourless ; encloses Glume IV. 

Glume IV.— Hyaline ; bears a palea ; 2-3 nerves meeting at the apex ; no 
awn. 

Palea.— Situated opposite to Glume IV ; hyaline ; hairy ; no nerves. 

Stamens. — Three ; anthers 3-4 mm. long, 

Lodicules. — Two ; fleshy ; ciliate. 


The Order oe Anthesis. ! 

As described above, the panicle consists of a central stalk with a number of i 

lateral branches which bear the spikelets. The topmost spikelet in each branch t 

opens first and the flowering spreads down gradually till all t.he spikelets in the | 

branch have flowered. Among the branches, this process proceeds from top to I 

bottom. This general orderliness from top to bottom prevails except that when ! 
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more than half way throiigh, a sort of second wave of antliesis, representative of 
such male flowers as have anthers, starts at the top and obtrudes into this scheme. 

First Flowering. 

The head having emerged, the theatre is clear for anthesis. The date on which 
the first anthers come out will vary according to the general weather and the vigour 
of the plant. In the observations under report it took five days to do bo. Other 
instances have shown that this could occur in one or tw^o days. There is a corre- 
sponding delay up to a week in the case of longer duration varieties. 

Period of Flowering in a Head. 

The number of flowers opening in a ear-head varies from 2000-4000. The 
maximum time taken for one ear-head to complete its flowering is 8 days. Linger- 
ing Showers may appear even on the ninth day. The maximum number of flowers 
to open is in the middle of this period between the third and sixth days. 

Marge of Flowering in a Day. 

Ball [1910] and Yinall [1926] working in America record that flowers open “ in 
the early morning hours They do not specify the hour. Nafziger [1918] at 
Kansas states that “ the stamens do not emerge during the heat of the day but 
emerge freely at night Kdmicke [1885] reports that flowering begins in the 
morning between 8 a.m. and 9 a. si. and that it may continue till the evening. 
According to Patels [1929] in Gujarat, flowering is confined to the forenoon, in 
some cases commencing even at 4 a.m. Graham [1916] at Nagpur finds that the 
opening of flowers is between 11 p.m. and 4 p.m. the next afternoon, with minor 
variations. Working in Bellary, Eamanathan [1924] says that the flowering period 
is between 1 a.m. and 4 p.m. 

Sorghum flowers, as observed at Coimbatore on varieties of S» Burm^ S. Roxh, 
var. Uans and 8. Nunosum, commence opening their flowers at midnight. The 
commencement of the anthesis is not uniform but varies from 12 midnight to 2 a.m. 
generally. The opening continues till 8 a.m. usually and may get prolonged to 
10 a.m. at the most. In the case of a red-grained, compact-headed variety of 
S. Bima type, the opening was as late as 4 a.m. stopping at 8 a.m. The condition 
of the weather has naturally a modifying influence on this general tenor. Wet 
weather delays flowering, and after flowering, delays the opening of anthers. 

The only instance of the opening of flowers observed to commence in the day 
is in the case of 8. margaretifef um, a sorghum from Sierra Leone, in which flowers 
were observed to open from 8 A.M. to 4 p.m. This is a new introduction and any 
possible changes in its floral habits will be watched with interest. 
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The following table gives an idea of tie antiesis-eriergy as distributed in tie 
daily period. 



A.M. 

. 0-2 

A.M. 

2-4 

A.M. 

4-6 

A.M. 

6-8 

A.M. 1 
8-10 i 

Total 
number of 
flowers 

Total 
number of 
days of 
flowering 

S* Duvra. 







Days 

S®n-oholam . ' , 


12 

2,117 

14 

• • 

2,143 

9 

Chlnna-manjal 

• • 

3,039 

89 

30 

6 

3,164 

8 

Chitrai-veliai 

944 

2,019 

424 

95 i 

27 

3,509 

7 

Peria-nianjal 

1,620 

1,693 

238 

13 1 

.. 

3,564 

9„ 

8, BoxL var. Mans. 








TaJaivirichan 

3,235 

850 

17 

5 

.. 

4,107 

! 8 

8» Mermsum, 








Irungu 

1,511 

365 

14 

9 

2 

1,901 

9 


it is witiin tie first three hours of initial openiog. 


Ahthesis in a Typical Flower. 

Detailed observations on anthesis in an individual flower are recorded below^ in 
the case of a typical flower. A stop-watch was used, 
flours. Mins. Secs. 

2 . . . . A.M. — Glumes begin to open. 

2 1 . • ?, — Staminal column just visible. 

2 1 SO „ — Stamina! column completely visible. 

2 2 . . j> — Stamens separate. 

2 2 30 „ — First antlier tilts down. 

2 2 40 „ — First a-ntber pendent. 

2 3 • • — Other two anthers tilt down. 

2 3 20 „ —Other two anthers pendent. 

2 18 „ —Glumes begin to close. 

2 45 * . „ —Glumes completely close. 

In the case of longer duration varieties there is a tendency for this period of 
45 minutes to extend. In /S. Bood), var. Mans ihe period takes over 70 minutes, 
Graham.,. . and Eamanathan, however, record that glumes remain open for 2 to 4 
hours. 
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In tte detailed obserTationB made on six different varieties in two seasons, it 
is remarkable tiiat in the three dry-land varieties observed the pendency of the 
three anthers was one at a time as against the two after one of irrigated varieties. 


Geneeal Anthesis. 

The glumes begin to open gradually due to the pressure exerted by the swelb 
ing lodicules. The lodicules swell to over twice their size during the opening of 
the flower, 

Kornicke observes that the stamens and ■ stigmas protrude simultaneously. 
Kirchner, Graham [1916], Eamanathan [1924] and Patels [1929] say that the 
stigmas come out first, sometimes as early as 16 to 36 hours before the appear- 
ance of the stamens. The last, however, record that in certain Egyptian varieties 
grown at Surat, the order is reversed. At Coimbatore, the anthers appear first in a 
column enclosing the two stigma tic branches which are adpressed to their inner 
faces. 

Graham records that the two lateral stamens fall out first and then the poste- 
rior one. Patels say that one anther drops out first and the other two (though 
not always simultaneously) later. According to oar observations, the end-anther 
of the pair tilts down first releasing the glistening stigmas which, after rotating in 
one plane, spread out. These remain outside the glumes at the angles even after 
the glumes close. Later the two other anthers tilt down and become pendent. 

The filament of the anther, which drops out first, elongates very rapidly and 
soon the anther bends to one side and is pendent. The other two anthers remain 
together. The filaments in these do not grow so rapidly as in the first one, but 
lengthen out gradually and occupy a pendent position opposite to the first anther. 
The length of staminal filament (pre-opening) is 2 mm. Its length, after the 
opening of the flower, is 14 — 16 mm. except for a noticeable shortage in 8. Boxh, 
van Mans, in which it averages 7 — 10 mm. 

It is found in the case of anthers resting on lower flowers that their filaments 
are not so long as those of anthers hanging freely. 

This free exsertion and dangling of the anthers is the general rule (Plate XLII), 
though in the case of a white-grained, compact-headed variety (A. S. 1044) the 
anthers do not exsert freely but just emerge and remain as it were stuck up to 
the tops of the gaping glumes. At the stage when all the three anthers . are pendent 
the glumes attain their maximum opening which is about 35"^. 

Kornicke, Kirchner and Eamanathan find that the dehiscence of anthers 
takes place after they Become pendent. Graham observes that it could take place 
at earlier stages also in addition. At Coimbatore the dehiscence of anthers is 
simultaneous with the opening of glumes. The', freed pollen dusts the adjacent 
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stigmas. Thoiigli tliis is the general rule, in some cases it is found that the anthers 
dehisce after they become pendent or during the bending of the filaments. Though 
the anthers dehisce right at the opening of the flower, all the pollen is not shed 
simultaneously. In the morning the stamens that had opened earlier in the night 
are still found to contain some more pollen. 

The glumes begin to close slowly and do not open again when once they 
close. The first signs of drying are found in the anthers at the tips at about 
10 A. M. The pollen-laden stigmas continue to he fresh. They begin to dry up by 
noon. Complete drying up of both takes place by next morning. 

Pedicelleb rlowers. 

As we have already said, sorghum grains are borne on hermaphrodite flowers. 
Normally every one of these hermaphrodite flowers has attached to it and in the 
nature of a twin at least one^pedicelled flower. These flowers are complete in 
floral envelopes or occasionally mere vestiges of floral parts. When present they 
are not usually obtrusive but are in the nature of a padding between hermaphro- 
dites. In a few varieties, however, they are markedly noticeable and give the 
earhead a prickly look. Often there are two-pedicelled flowers, one on each side 
of the hermaphrodite. This two-ness is confined to the terminal hermaphrodite 
flowers. Very rarely hermaphrodites happen to be alone without any pedicelled 
flowers attached to them. Hermaphrodites with three-pedicelied flowers are a 
rarity. 

Almost all the pedicelled flowers are barren. Occasionally in the end spikelet, 
where they happen to be in twins, odd flowers bear anthers. In rare varieties, 
even sterile hermaphrodites are occasionally met with. 

Two~pedicelIed spikelets being confined to the terminals, the shape of the ear- 
head and its compactness have a relationship to the incidence of these twin-pedi- 
celled flowers. An examination of the three broad groups, Dima, S. Eoxb. 
var. himis and 6. N ervosum, show the differences presented below, the arrangement 
being from the compact downward. 


- — 

Percentage of 
liermaplirodites 
with two -pedicelled 
flowers to total 
hermaphrodites 

Percentage of 
pedicelled spikelets 
with anthers to 
total pedicelled 
spikelets 

(Periamanjal, etc.) , . , 

46 

1 2*2 

B, Boxk var. hmis — 

(Talaiviriclian) . , , . . • 

34 

Nil 

B»Nervosunir-- 

: {Irungu) . ■ . . 

29 

Nil 
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It should be noted that this incidence of antheriferoiis pedicelled spikelets 
recorded above is borne out by Patels in Gujarat^ whereas at Bellaryj Bamanathan 
finds such flowers in the loose-headed types only, 

Anthesis op Pedicelled Spikelets. 


As has already been mentioned, almost all pedicelled flowers are abortive. 
Barely one or both of the terminal two-pedicelled units may bear anthers. These 
anther-bearing pedicelled flowers, in the rare cases in which they do exist, are very 
few in numbers, 6, 18 and 141 being the number present in the three cases noted. 
Such flowers start opening at about the close of the main wave of the anthesis of 
hermaphrodite flowers. This accounts for the fresh patches of yellow that appear 
on the background of the withered old mass of anther-sacs of the first wave. When 
the anthers do come out, they do so simultaneously and dehisce, not one after 
the other as in the case of the heramphrodites. The glumes keep open for a very 
long time, sometimes for 12 hours. 

Long (1930), after an extensive examination of the spikelets of Androjpogon 
liaUpensis and A. S, sudanensis^ comes to the conclusion that the aborted 
pistil of the pedicelled flower suggests that it once had a perfect flower. The loss 
has, therefore, been of the pistil with the retention of the anthers. A study of the 
pedicelled spikelets in sorghum takes this observation to its logical conclusion 
and explains the emptiness of many of these pedicelled spikelets as possibly due 
to the cumulative ' effect of an inoperative superfluous existence which the selective 
forces under cultivation tended to accentuate. 


Pollination in Natuee. 

The general trend of this study is to assist us to evaluate the factors contri- 
buting to fertilisation. The broad findings are that at Coimbatore optimum condi- 
tions prevail for feitilisation of flowers one with the other within the earhead. 
Instances of pollination within the flower with its own pollen seem remote. In a 
community of single-stalked heavy heads with a flag easily set in motion, it is quite 
within possibility that pollination between earheads both through physical contact 
and through wind-borne pollen might take place. Between adjacent varieties the 
extent of natural crossing at Coimbatore in varieties grown under irrigation in 
summer {8, Barm) has been determined at 7 per cent. [Bangaswami Ayyangar, 1924], 
In this connection it will be interesting to review the findings of other workers. 
0. R. Ball, working in America, recorded that in adjacent rows of different varie- 
ties flowering on afiproximately the same dates, as much as 50 per cent, is cross- 
fertilised. In the year 1916 Graham, working at Nagpur, estimated the proportion 
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of nataral cross-fertilisation in a loose-panicled type as 6 per cent, and in a type 
witli a compact panicle as 0*6 per cent. In one of Ms varieties as miicli as 20 
per cent, occurred. In 1919 Karper and Conner [1919], working in Texas (U. S. A.), 
got an average of 6 per cent. In 1922 Kottiir and Kulkarni [1922], working at 

DIaarwar, experienced a range of crossing from to 12 per cent., with tke largest 

frequency at 2 per cent. In 1924 Eamanatlian,- working at Bellary, gives tke range 
of crOss-pollination from 1 to 35 per cent. In 1929 Patels, working at Surat, 
note that natural crossing may go up to 40 to 50 per cent. 

Behind this wide range of percentages in natural crossing the broad fact 
remains how liable sorghum is to taint from foreign pollen. In any scheme of 
pushing improved varieties and maintaining them in a state of improvement, special 
measures in the organisation of the distribution and maintenance of seed-supply 
are indicated. 
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about 2 weeks earlier than the local practice is generally an advantage as it gives 
: the crop a longer growing season. An _ experiment was conducted in which Adcock 
tobacco was sown at intervals of a fortnight from the 15th July to the 15th August. 
Three sowings were made and transplanted under identical conditions of culture and 
manure. The growth periods of each sowing were : — 

1st sowing . . . 3 montiis. 

2nd „ . , . . 2| „ 

Srd „ , . . . 2 „ 

The maximum growth was obtained by the first sowing and the smallest growth 
by the third sowing. The photograph and the temperature curves (Plate XLIII) 
indicate that the decrease in the length of the growing period as the time of sowing 
becomes later is to be correlated with the fall in temperature. 

There are, however, certain disadvantages in transplanting tobacco very early 
in Bihar. These are chiefly due to the fact that tobacco which is growing vigor- 
ously in the warm moist climate which prevails in September-October is more liable 
to damage by disease than that transplanted at the normal time. The disease 
which is mostly responsible for this damage is the leaf spot disease caused by a 
fungus Germs fom nicolianae. Attempts have been made to grow tobacco in Bihar 
. in the rains, sowing and transplanting being done about three months earlier than 

; normal. While the scale on which this has been tried is so far limited, the experi- 

ence gained indicates that the incidence of leaf spot disease is likely to prove a 
limiting factor in the cultivation of tobacco in the rains in Bihar. In addition to 
the damage sustained by the mature plant from leaf spot disease, early sowing 
exposes the seedlings to a longer and more severe spell of monsoon conditions and 
this generally results in an increased mortality in the seed-beds from surface wash, 
insects and damping ofi 'h These difficulties have already been touched upon in 
a previous communication. 

Considering ali the above difficulties in the culture of an exotic tobacco such as 
Adcock, it appeared advantageous to search for a type v/hich would combine the 
curing qualities of Adcock with the hardiness, yielding power and quick growth of 
an indigenous type. A large number of curing tests with indigenous types have 
shown that none of the native varieties possess the power of producing a cigarette 
leaf equal to that given by some of the exotics and it was suggested that crossing an 
exotic tobacco with an indigenous type offered the best chance of obtaining a 
tobacco with the required properties. The parents chosen for this cross were Adcock 
and the variety known as Pusa Type 28, and the cross was made in the year 1924. 
The latter is an indigenous tobacco which perhaps comes nearer in quality to a 
cigarette leaf than any other type which is native to India. Pusa Type 28 was first 
isolated hy the Howards [1910] from a mixed collection of Indian tob accos and is 
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described in a memoir. It bas spread over Bibar and prior to tbe introduction of 
flire-curing and tbe success of imported varieties it was tbe best tobacco a%’-ailabie 
for tbe production of cigarette leaf in Bibaj. 

II. Technique of Ckossestg. 

As bas been stated by Mrs. Howard [1913], tbe actual operation of crossing is 
easy in tobacco. 

In tbe young bud, tbe anthers remain mucb below tbe stigma. Just before tbe 
flower opens a very rapid growth takes place in the filament, which causes tbe 
anthers to be pushed up past tbe stigma, and in almost all cases the anthers come in 
direct contact with the stigma while passing upward. Before the flower opens, the 
anthers burst and the stigma becomes receptive ; thus self-fertilization is tbe natural 
habit of the plant and cross-fertilization is occasional. 

Crossing consists of emasculating flowers of tbe maternal parent and pollinating 
them by band from selected protected flowers of tbe paternal plant. Tbe right 
stage for tbe emasculation of tobacco fiow-ers at Pusa is just when the flower 
bud assumes a pinkish tinge or about eighteen hours before tbe anthers begin to 
dehisce. Anthers generally begin to dehisce and shed their pollen at about 12 
o’clock in tbe morning. In emasculation the corolla tube is split up very carefully 
with a scalpel, from a little over tbe calyx right up to tbe lobes and by gently 
pushing back tbe corolla tbe stamens and tbe pistil are fully exposed. Tbe anthers 
with a small portion of their stamens can then be easily removed. To avoid the 
risk of selfing, special care is taken to remove the anthers before they dehisce, and 
also to sterilize all the instruments with rectified spirit before each operation. As 
it Lad been observed that pollen grains of tobacco flowers keep alive for several 
weeks, the cut anthers must not be allowed to stick to any of the operated flowers 
or panicle. In order to protect the emasculated flowers from contamination with a 
foreign pollen, all such flowers are covered with parchment paper hags and the 
latter tied up with a soft copper wire at the base. The flowers of the pollen parent 
(male parent) must also be protected under bag. After emasculation the stage at 
wbich the stigma becomes receptive can easily be detected by the rapid change 
in the colour of the coroUa tube from a brickish red to a magenta or deep pink 
colour and also by the appearance of a viscid sticky fluid on the surface 
of the stigma. For pollination, only the pollen from those flowers that 
have been especially protected trnder paper bags for the purpose is used. 
In pollitiation the method of taking one stamen at a time and gently 
rubbing the burst anthers over tbe stigma proved a better method than that of ap- 
plying pollen to the stigma with a camel hair brush. After pollination it generally 
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takes about a week to form a capsule and the developing capsules can easily 
be seen tbroiigb tbe parcbment paper bags. Tbe paper bags are removed after 
tbe capsules have grown a little more than the size of a pea seed. The cross- 
fertilized capsules are frequently visited and the lateral buds are trimmed off. 


Desoriftmi of the 'parents. 


'' Type 28 Parent, Howard and Howard [ 1910 ]. Plants early, tall ; iow^er 
internodes short, upper long. Learns sessile, inserted at an angle of 45°, and bent 
downward from the centre of tlie leaf, amiJexicaul, decurrent, decurrency very 
narrow ; elli|)tical, lamina much narrowed in the basal third of the leaf ; apex 
acuminate ; secondary veins arise at an angle of 46"^ ; margin very undulate ; 
surface slightly puckered, lamina raised between the secondary veins giving the 
appearance of folds or ridges ; leaf not fully expanded but folded on the mid -rib ; 
colour dark green ; texture thick and rough ; average length 50 cm, ; ratio length/ 
breadth 2’5. Inflorescence leaves lanceolate. Inflorescence much raised on long 
slender branches which are somewhat spreading in habit. Flowers sparse, 
colour deep pink which does not fade. Calyx tubular, inflated a little less than 



half the length of the corolla ; teeth short and acute. Corolla with an orifice 
of 8 mm. in diameter, tube fairly broad, the transition between the tube and the 
dilated portion gradual ; limb divided to about half its depth with folds at the 
junction of the lobes ; lobes rounded at the base ; apical points short. CupsuU: 
a little longer than the persistent calyx, cylindrical ; apex blunt. 

The anthers burst in the bud when they are just above or level with the 
stigma. 

Adcock Parent. Plants early, medium in height ; internodes medium, leaves 
borne at an equal distance on the stem. Leaves sessile, inserted at an angle of about 
60"^, amplexicaiil, deourrent ; elliptical, lamina narrowed at about 10 cm from the 
base and bent downward at the apex ; apex acute ; secondary veins arise at 
an angle of 50"^ ; margin wavy, recurved with occasional irregular undulations 
especially at the base ; surface flat ; colour dark green ; texture thin ; average 
length 60 cm., ratio length/breadth 2*2. Inflorescence leavees lanceolate. Inflo- 
rescence open and well raised, side branches grow as tall as the main axis. Flowers 
pink, fading to light pink. Calyx long, tubular; teeth long and acute. Corolla 
about 8 mm. 3n diameter ; tube broad ; the transition between the tube and 
the dilated portion gradual ; limb slightly divided with folds at the junction of 
the lobes ; lobes rounded towards the base. Capsule about 2/3 covered with the 
persistent calyx, conical ; apex pointed. 

Anthers burst before the flower opens. In the fully open flowers the anthers 
and stigma are just opposite the orifice. 
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III. The Geneeation. 

About fifty plants of tbe Fi were grown in the year 1925. In raising the 
seedlings of the Fj and the various hybirds subsequently, every possible care was 
taken to guard against contamination of the seeds. The details of all such pre- 
cautions have already been described in some of the previous papers on tobacco 
hence they need not be repeated here. 

In general vigour, the Fi plants were intermediate between the two parents 
and neither of the parents was completely dominant over the other. 

Description of the F 

Type 28 X AdcooJs F^. Plants earlier and taller than either parent ; inter- 
nodes long, leaves borne at an equal distance on the stem. In general habit the 
plants were intermediate between both the parents. Xeaiies sessile, inserted at an 
angle of 90°, amplexicaul, decurrent, decurrency broad ; elliptical, lamina narrowed 
at about 10 cm. from the base and bent downward from the middle ; secondary veins 
arise at an angle of 50°, apex acute ; margin wavy ; surface smooth ; colour light 
green ; texture thick ; average length 60 cm., ratio length/breadth 2-0. Infiorescence 
leaves elliptical to lanceolate. Inflorescence open and Well raised above the leaves, 
side branches grow as tall as the main axis. Flowers light pinlc, fading to a 
lighter shade. Calyx globular and much inflated, less than half the length of the 
corolla ; teeth short and acute. Corolla with an orifice of 8 mm. in diameter ; 
tube broad : the transition between the tube and the dilated portion abrupt ; 
limb undivided with slight folds at the junction of the lobes; apical points short 
and pointed. Capsule nearly 2/3 covered with the persistent calyx, conical , apex 

pointed. . j 

Anthers burst before the flower opens, and are well above the stigma. ^ In 
the fully-open flowers the anthers reach the orifice and the stigmas remain a little 

below the orifice. -ni tw 

The two parents used for this cross and the F^ plants are shown on Plate ALiV. 

IV. The Fg Geneeation. 

In order to obtain all possible combinations of factors and also a fair percen- 
tage of plants resembling the parents in F^ the growing of a very large popula- 
tion was essential. The selfed seeds of one Fi plant were sown and a popula- 
tion of about 4,000 plants was therefore grown as F g in the year 1926. 

The main object in this hybridization work was to produce a variety of tobacco 
which while retaining the hardy growing characters of an indigenous variety might 
also be better in quality from the point of view of cigarette manufacture. 
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The parents used in this cross were selected rather for their economic quali- 
ties than as types with definite and clear cut contrasting characters which would 
afford an easy study of the problems of inheritance. The study of inheritance in 
this paper has therefore been limited to four quantitative characters which are of 
economic significance. The characters studied were : — 

1. Period of flowering. 

2. Height of plants. 

3. Humber of leaves per plant. 

4. Breadth index of the leaves. 

Period of Flowering, This was determined by counting the number of days 
from the date of sowing the seeds up to the day of the appearing of the first flower 
on each plant. 

Height of 'jplmiis. The height was measured from the point where the root 
begins on the stem^ to the terminal capsule on the plant. The terminal capsule 
generally appears at a point beyond which practically no growth takes place. 

Number of leaves ^er plant This was determined by actual counts. In 
counting the number of leaves, the plant had to be uprooted, the roots were 
trimmed short to the stem, and after washing the base of the plant all the leaf 
scars from top to bottom on the stem were counted. 

o/ ifAe leases, [Hays, last and Beinhart, 1913]. — The size of the 
leaf is greatly influenced by the environment, therefore the shape of the leaf, which 
is much less subject to environmental modifications, was made use of. The shape 
of the leaf was determined by dividing the breadth by the length of the leaf and 
expressing the result in per cent. 

From the Fg PoP^’^^tion about 200 promising hybrids were selected and these 
were selfed. The seed of each selfed single planl} was sown separately the 'following 
season as Fg. Out of these 200 hybrids only ten hybrids (Hates XLVI, XLVII 
and XLVIII) that were found varying within narrow limits, practically like tlie 
original parents were retained and the rest were discarded. The data collected for 
each of the hybrids retained, show that they are breeding true. In order to test 
their purity further some of these hybrids have been grown on an extensive 
scale and the results so far obtained show that they have become fixed in their 
characters. 
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Table I shows that of tlie two parent varieties in the cross '^Adcock’' wb,b 
about ten days earlier than Type 28. In the mean of the flowering period was 
leaning towards the Adcock parent, that is, earliness was dominant. The mean 
of the flowering period of F2 w^as smaller than that of the earlier parent, but the 
range of variation in F2 "was, however,, greatly extended and the co-efficient' of 
variation was nearly twice that of either parent. 

In Fg new types which were earlier and later than the parents were obtained. 
This shows that new genetic combinations have been produced. 

Table II shows that of the two parent varieties in the cross Type 28 was taller 
than Adcock. In F^^ the mean height was much greater than that of the taller 
parent, that is, tallness was dominant, Fg exhibited a mean, height a little lower 
than F;^ but much higher than that of either parent. The range of variation in 
height was greatly extended and exceeded the combined range of both the parents. 
The co-efficient of variation was more than twice that of either parent. In Fg 
types beyond the parental extremes were obtained. 

From Table III it is clear that the two parental varieties in the cross show only 
a slight difierence in the number of leaves. In F^ the mean leaf number was a 
little above that of tlie parent having the largest leaf number, that is, the larger 
number of leaves was dominant. The F 2 exhibited a mean leaf number much 
higher than that of the F;^ and of both the parents. The range of variation was 
greatly extended beyond the combined range of both the parents. The co-efficient 
of variation was more than twice that of either parent. 

Table IV shows that the mean breadth index of the leaves of the two parent 
varieties and F^^ was practically the same. F 2 exhibited a mean breadth index 
which was higher than either parent. The range of variation was greatly extended 
and the co-efficient of variation was nearly twice that of either parent. 

From the foregoing Tables it is clear that the Fg generation was of great 
complexity, that the parental types did not reappear in Fg, and that new characters 
not present in either parent appeared in the offspring. This agrees with the results 
of the earlier workers Jensen [1907-1911 1 and Lodewijks [1911]. The appearance 
of plants with new characters in the progeny was most interesting, especially the 
appearance in Fq of a variety with large absolutely white flowers, broad ovate 
leaves and a greater stature than either parent. As this variety has now been 
grown for three consecutive seasons and found constant from the first, it must 
have originated in homozygous condition. It does not appear to nave been 
identified before. 

The hybrids are now being tested for yield and quality. 
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V. Classification op the Hybrids. 

1. Morphological Oharaeters. 

The chief moriAological characters in which the hybrids differ are the plant 
habit, leaves, inflorescence and flowers : — 

Habit. The differences in plant habit are generally caused by the length and 
number of internodes, by the arrangement of inflorescence and by the leaves and 
their angle of insertion on the stem. 

Internodes of the various hybrids vary from 27 to 38 in number and from 4 to 
7 cm. in length. 

Leaves. The leaves of Hybrid 1 are lanceolate and those of Hybrids 2, 3 
and 4 are elliptical but those of Hybrids 5, 6, 7, 8, 9 and 10 are broad ovate. The 
angles of insertion of the leaves vary from 60° to 90° in the various hybrids. 

The leaf shapes of the parents, and the various hybrids are shown on Plate 
XLV. 

/n/omee«ce of the hybrids is either compact or well open and inconspicuous 
or much raised above the leaves. 

Flower. Excepting the corolla, there are not many differences in the flowers of 
the various hybrids. 

Calyx. The relative lengths of the calyx and corolla do not vary much in 
different hybrids ; the calyx is about | the length of the corolla practically in all 
the cases. 

Corolla. The oriflce varies from 7 to 12 mm., the transition between the tube 
and the dilated portion is either gradual or abrupt, the lobes are either deeply 
divided or practically not divided at all and the corolla appears as baU shaped, 
the corolla colour generally varies among various shades of pink excepting in the 
case of Hybrid 9, which has absolutely white flowers. 

Capsule. The capsules of nearly all the hybrids are generally conical. 

Considering all the various characters in which the hybrids differ, the leaf 
shape is considered to be the best for the main divisions in the classification and 
the plant habit for further sub-divisions. 

2. Key to the Classification.. 

Leaves lanceolate 

Intemodes short 

Inflorescence open and much raised . . . . . H, 1 (124) 

Leaves elliptical 

Internodes short 

Inflorescence rather compact and not much raised 
Plants early . 


H. 2 (164) 
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Plants late » * • • • , . 

Inflorescence ratter compact but well raised 
Leaves ovate 

Interiiodes medium 

Inflorescence compact and somewhat raised 

Inflorescence compact and not much raised ' 

Plants early 

Plants late 
Iiiteriiodes long 

Inflorescence open and well raised . . ' . 

Inflorescence open but not much raised . 

Plants early, flowers white - . 

Inflorescence rather compact and not much raised 

N.B . — The hybrids axe mimbered H. 1, H. 2, etc. The numbers in brackets axe thtise under >xlueh 
tlie Yarious hybrids are referred to in previous annual reports. 

VI. DescPvIption op Selected Hybrids. 

Hybrid 1. Plants somewhat late, tall ; average height 199 cm.; internodes 
short below and long above, consequently most of the leaves are borne upon the 
lower half of the stem. Leaves sessile, inserted at an angle of 60°, slightly 
amplexicaiil, decurrent, decurrency very narrow ; lanceolate, lamina narrowed at 
about 15 cm. from the base and bent downward at a point about | from the apex 
and folded on midrib ; secondary veins arise at an angle of 45°; apex acuminate ; 
margin undulate with big undulations and folds ; surface rough and much raised 
between tbe secondary veins ; colour dark green ; texture thick ; average length 
60 cm.; ratio length/breadth 4-‘3. Infiorescence leaves, lanceolate and linear. 
Inflorescence open and much raised on long slender branches which grow as tall as 
the main axis. rather bent, light pink, fading to a lighter shade. Cdyx 

tubular, about | the length of the corolla ; teeth very long and pointed. Corolla 
with an orifice of about 7 mm. in diameter ; tube narrow ; the transition between 
the tube and the dilated portion gradual ; limb deeply divided ; Jobes triangular 
shaped at the base ; apical points very long. Capsule about g covered with the 
persistent calyx, conical ; apex pointed. 

Anthers burst after the flower opens and are below the stigma. In the fully 
open flowers the stigma projects beyond the orifice and the anthers are just opposite 
the orifice. 

Hybrid 2. Plants rather early, medium in height, average height 140 cm.; 
internodes short, most of the leaves borne closely on the stem. Leaves sessile, 

B 2 


167 

H. 3 (171) 
H. 4(150) 

H. 5 (162) 

H. 6 (142) 
H. 7 (92) 

H. 8 (177) 

H. 9 (156) 
H. 10 (140) 
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inserted at an angle of 60®, amplexicanl, and anxiculate, decurrent, deciirrcncy 
narrow : elliptical, lamina narrowed at about 15 cm. from tie base and bent at 
about from tbe apex ; secondary veins arise at an angle of 60® and are fairly close : 
apex acute ; margin wavy ; surface slightly raised; colour light green; texture 
medium ; average length 50 cm. ; ratio lengtJi/breadth 2*0. Infloresoence leaves 
lanceolate. Injlorescenm rather compact and not much raised, some of the side 
branches grow as tall as the main axis, Flowers pink, fading to a lighter shade. 
Calyx inflated and tubukr less than | the length of the corolla ; teeth long and 
pointed. Corolla with an orifice of about 7 mm. in diameter ; tube narrow ; the 
transition between the tube and the dilated portion gradual ; limb deeply divided 
with folds at the junction of the lobes ; lobes rounded at the base ; apical points 
long. Cu'pS'iile almost covered with the persistent calyx, teeth of calyx projecting 
beyond the capsule, conical ; apex blunt. 

The anthers burst before the flower opens and they are practically level with 
the stigma. In the fully open flowers the anthers and the stigma are just opposite 
the orifice. 

Hybrid 3. Plants rather late, medium in height ; average height 155 cm. ; 
internodes short, leaves borne at an equal distance on the stem. Leaves sessih, 
inserted at an angle of about 75°, amplexicaul, decurrent, deciirrency somewhat 
broad; elliptical ; lamina narrowed at about 12 cm. from the base and slightly 
folded on midrib ; secondary veins arise at an angle of 76®, and are fairly close ; 
apex acute ; margin wavy with occasional large undulations especially towards the 
base; surface rough, slightly raised between the secondary veins ; colour dark 
green ; texture thick ; average length 60 cm. ; ratio length/breadth 2-0. Inflores- 
cence leaves elliptical to lanceolate. Inflorescence rather compact and not much 
raised, most of the secondary branches grow as tall as the main axis. Flowers 
deep pink, fading to lighter shade. Calyx inflated and tubular, about | the length 
of the corolla ; teeth long and pointed. Corolla with an orifice of about 7 mm. in 
diameter ; tube narrow ; the transition between the tube and the dilated portion 
gradual ; limb slightly divided and recurved with slight folds at the junction of the 
lobes, lobes somewhat rounded at the base ; apical points short. Capsule about 
§ covered with the persistent calyx, conical ; apex pointed. 

The anthers burst before the flower opens. In most of the fully open flowers the 
stigma projects beyond the anthers and reach the orifice but the anthers remain much 
belov/ the orifice. 

Hybrid 4. Plants early, medium in height ; average height 160 cm., loiver, 
internodes short, upper medium, leaves closely borne on the stem. Leaves sessile, 
inserted at an angle of 60®, amplexicaul and decurrent, decurrency broad ; elliptical : 
lamina narrowed at kbout 16 cm. from the base and slightly bent from about the 
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middle towards tbe ground, secondary veins arise at an angle of GO®' ; apex acaminate ; 
margin undulate and recurved ; surface quite smooth. ; colour light green ; texture 
thin ; average length 80 cm. ; ratio length/breadth 2* 5. Inflorescenoe leaves lanceo- 
late. Inflorescence rather compact but well raised, secondary branches grow as tall 
as the main axis. Flowers deep pink, fading to a lighter pink. Calyx somewhat 
globular, inflated, loss than the length of the corolla ; teeth long and pointed. 
Corolla with an orifice of 9 mm., in diameter ; tube broad ; the transition between 
the tube and the dilated portion somewhat gradual ; limb practically undivided 
with folds at the junction of the lobes ; lobes broad and triangular shaped at the 
base ; apical points medium and twisted. Capsule about | covered with the 
persistent calyx, conical ; apex somewhat pointed. 

The anthers burst before the flower opens and they are practically level with 
the stigma. In the fully open flowers only the stigma reaches the orifice and the 
anthers remain a little below the orifice. 

Hybrid 5. Plants early, medium in height ; average height 146 cm. ; internodes 
medium ; leaves distributed at an equal distance on the stem. Leaves sessile inserted 
at an angle of about 76°, amplexicaul and decurrent, decuirency broad; ovate, 
lamina narrowed very near the base ; secondary veins arise at an angle of 75° and 
they are far apart ; apex acute ; margin undulate and recurved, colour light green ; 
texture medium ; average length 44 cm, ; ratio length/hreadth 1*5. Inflorescence 
leaves are similar to the lov/er leaves but smaller in size. Inflorescenoe rather 
compact and somewhat raised, the secondary branches grow as tall as the main 
axis. Flowers pink, fading to a lighter shade. Calyx globular, inflated, about | 
the length of the corolla ; teeth short, and pointed. Corolla with an orifice of 
about 7 mm. in diameter ; tube broad ; the transition between the tube and 
the dilated portion abrupt, limb slightly divided with slight folds at the junction 
of the lobes ; lobes somewhat triangular shaped at the base ; apical points short. 
Capsule about § covered with the persistent calyx, conical ; apex somewhat blunt. 

The anthers burst before the flower opens and they are level with the stigma. 
In the fully open flowers the anthers and the stigma remain just below the orifice. 

Hybrid 6. Plants tall, early ; average height 185 cm. ; internodes medium, 
leaves distributed at an equal distance on the stem. Leaves sessile, inserted at an 
angle of '75°, amplexicaul and decurrent, decurrency broad ; ovate, lamina narrowed 
very near the base and twisted to one side ; secondary veins arise at an angle of 75° 
and they are far apart ; apex acute ; margin undulate and much recurved with one 
or two big folds about the middle of the leaf ; surface smooth ; colour light green ; 
texture thin ; average length 45 cm. ; ratio length/breadth 1*6. Inflorescence leaves 
elliptical. Inflorescence rather compact and not much raised, secondary branches 
grow as tall as the main axis. Flowers pink, fading to a lighter shade. Calyx 
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globular, inflated;, leas thaB the length, of the corolla; teeth short and pointed, 
OoroWa with an orifice of 9 mm. in diameter ; tube broad ; the transition between the 
tube and the dilated, portion abrupt ; limb practically iiiidivkled, with slight folds at 
the junction of the lobes ; lobes slightly rounded at the base ; apical points Yory short. 
Capsidii jihoiii | covered with persistent calyx, conical ; apex somewhat pointed. 

The anthers burst before the flower opens and are practically level with the 
stigma. In the fully open flowers the anthers and stigma are a little below the orifice. 

Hybrid 7. Plants very late, tall.; average height 182 cm.; internodes medium. 
Leij/des sessile, inserted at an angle of about 60°, amplexicaiil and decurrent, 
decurrency broad ; ovate, lamina narrowed very near the base; secondary veins 
arise at an angle of 75°, and they are far apart; apex obtuse ; margiri wavy ; 
surface somew^hat smooth ; colour dark green ; texture thick ; average length 58 cm.; 
ratio length/breadth 1’6. hiJloresGenoe elliptical, h'ifloresoenee rather com- 

pact and not much raised, the secondary branches remain below the main axis. 
Mowers light pink, fading to still lighter shade, Ckh/x globular, inflated, about I 
the length of the corolla ; teeth short and pointed. Gorolh with an orifice of 12 mm. 
in diameter ; tube broad ; the transition between the tube and the dilated portion 
abrupt ; limb slightly divided with folds at the junction of the lobes ; lobes much 
rounded at the base; apical points short. Capsule about f covered with the 
pesrsistent calyx, conical ; apex Hunt. 

The anthers burst before the flower opens and they are level with the stigma. 
In the fully open flowers the anthers and stigma remain much below the orifice. 

Hybrids. Plants early, tall ; average height 189 cm.; internodes long ; leaves 
borne at an equal distance on tljo stem. Leases sessile, inserted at an angle of about 
75° amplexicaul, deciirrent, deciirrency fairly broad; elliptical, lamina narrowed 
at about 15 cm. from the base and drooj)iiig downward from about the middle ; 
secondary veins arise at an angle of 60° and these are far apart ; apex acute ; 
margin undulate ; surface slightly raised betw^een the veins ; colour somewhat light 
green ; texture thick ; average length 60 cm., ratio length/breadth 2’0. Inflorescence 
leaves similar to the low^er leaves but smaller in size. Inflorescence open and well 
raised, the secondary branches grow as tall as the main axis. Flowers light pink 
fading to still lighter pink. Calyx loose and baggy, about | the length of the corolla ; 
teeth medium and pointed. Corolla with an orifice of 12 mm. in diameter ; tube 
broad ; the transition between the tube and the dilated portion somewhat gradual ; 
limb undivided with slight folds at the junction of the lobes ; lobes triangular shaped 
at tile base ; apical points short. Capsule almost covered with the persistent calyx? 
oonical ; apex pointed. 

The anthers burst before the Jflower opens and they are level with the stigma. 
In the fully open flowers the anthers and stigma remain a little below the orifice. 
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Hybrid 9. Plants early, tall ; average beight 195 cm.; iiiteriiodes long, leaves 
distributed at an equal distance on the stem. Leaves sessile, inserted at an angle of 
75^, aiiiplexioaiil, cleciirreiit, deourrency broad, ovate ; lamina narrowed at about 
10 cm. from the base and bent downward at a point | from the apex ; 
secondary veins arise at an angle of about 90*^ and they are far apart ; apex 
acute; margin wavy and recurved with occasional big undulations which are 
more frequent in the middle ; surface slightly raised between the veins colour 
light green ; texture mediuna ; average length 60 cm., ratio length/breadh 1 *6. 
Infiofeseence leaves somewhat elliptical. Inflorescence fairly open and not much 
raised, the side branches grow as tall as the main axis. Flowers big pure white. 
Calyx loose and baggy about | the length of the corolla ; teeth short and pointed. 
Gofolla with an orifice of 12 mm. in diameter ; tube broad ; the transition between 
the tube and the dilated portion abrupt ; limb practically undivided with slight 
folds at the junction of the lobes ; apical points short. Cajjsule almost covered 
with the persistent calyx, conical ; apex pointed. 

The anthers burst before the flower opens and they are level with the stigma. 
Ill the fully open flowers the anthers and stigma remain a little below the orifice. 

Hybrid 10, Plants late, tall ; [average height 195 cm,, internodes long, leaves 
distributed at an. equal distance on the stem. Leaves sessile, inserted at an angle 
of about 60^, amplexicaul, deciiiTent, decuriency broad and extends down to the 
base of the leaf immediately below ; ovate ; lamina narrowed very near the base and 
twisted to one side ; secondary veins arise at an angle of more than i 5 and they are 
fairly far apart ; apex acute ; margin undulate and recurved ; surface somewhat raised 
between the secondary veins ; colour light green ; texture medium ; average length 
45 cm,; ratio length/breadth 1’6. hi florescence leaves are similar to the lower leaves 
but smaller in size. In florescence rather compact not much raised, the side branches 
grow as tall as the main axis. Flowers pink fading to lighter pink. Calyx loose 
and baggy, less than | the length of the corolla ; teeth short and pointed. Corolla 
with an orifice of 9 mm. in diameter ; tube broad ; the transition between the tube 
and the dilated portion abrupt ; limb divided with slight folds at the junction of the 
lobes; lobes rounded at the base; apical points medium and pointed. Cafsule 
about I covered with[ the persistent calyx, conical ; apex blunt. 

The anthers burst before the flower opens and they are practicaHy level with 
the stigma. In the fully open flowers the anthers and stigma are just opposite the 
orifice. 

VII. Summary. 

The tobacco crop sown as early as 15th July in Bihar grows well but it is 
BusceptibletO '^eafspof and Curly disease'', whereas a crop sown later than 
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tlie first week- of August does not suffer so heavily from these diseases but gives a 
somewhat smaller yield of, leaf. These differences are more pronoimoed when the 
tobacco is an imported exotic variety such as Adcock. The indigenous types of 
Indian tobacco are hardy and heavy yielders but none are good in quality for 
cigarette manufacture. 

In order to produce a variety of tobacco ' -which while retaining the hardy 
growing characters of an indigenous type may also be better in quality from the 
point of view of cigarette manufacture, the local type 28 w'as crossed with Adcock. 

In general vigour the plants were intermediate bet-v^men the twm parents and 
neither was completely dominant over the other. 

In Fg the range of variation was greatly extended and the co-efficient of varia- 
tion was more than twice that of either parent. The Fg generation was of great 
complexity, the true parental types did not reappear in F 2 and new characters not 
present in either parent appeared. The appearance in Fg of a variety with large 
absolutely white flowers was very interesting as the flower colour of both the parents 
used in the cross was pink. 

The ten newdy-produced hybrids have been obtained in a homozygous condition 
and are now breeding true. These hybrids are now being tested for their leaf 
quality both by ground curing and flue-curing methods. The preliminary test wuth 
one hybrid 8 (177) has given encouraging results. 


Hays East and Beinliart (lOlS). 
Howard (1913). , 

Howard and Howard ( 1 9 1 0) . . 

Jensen (19074911). 

Lodewijks (1911). . 

Sliaw and Kashi Bam (1929). • 
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(With Plates XLIX to L£ II and one text-flgure.) 

1. Floweeiwg in Bamboos. 

Flowering in bamboos is rare, and occurs onlf at intervals of many years, 
different varieties behaving differently. According to Brandis bamboos are divid- 
ed into three classes with regard to their flowering ; (1) those that seed yearly and 
die after the seed is ripe ; (2) those that flower profusely and at long intervals, all 
culms of one clump or all clumps in one district flowering simultaneously ; (3) those 
that flower irregularly. Definite data with regard to the flowering of these three 
classes is not available. B. Tulda and B. Balcooa Watt, the two varieties commonly 
met with in districts of Bengal and Behar, seem to belong to the second class of 
Brandis. In March 1930, a few clumps at different places in the Pusa estate 
flowered and set seed. It was observed that before the onset of flowering the 
plants had quite a green foliage which, however, fell off as the ripening of the seed 
proceeded, the plants being left destitute of any leaves. It was also interesting to 
note that the clumps flowering at the same time were not of the same age. 


Table I. 

Ho. of clumps that 
flowered 

Age record 

Method by -which the plants were 
propagated 

L 2 

More thau 100 years old 

Hot Ivnown. 

2. 2 

14 years 

Cuttings from the first clump Ho. 1. 

3. 1 

6 years old . . 

Cuttings from Ho. 2, 


Thus it appears that the duration of life of the plants in every species is per- 
fectly fixed and is renewed only by seed and it is immaterial whether cuttings are 
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taken a few years or many years before flowering, the parent or stock plant as well 
as the plants raised from cuttings all flower and die at the same time, the mother 
plants however bear and seed more profusely than the daughter ones. The six- 
years old plants were found to give very few seeds and most of the branches did 
not even produce flowers. They, however, died with the rest. Just after the seeds 
are properly ripened, they begin falling from the spikelets and the bamboo plants 
put on a brown mature look instead of the living green and take 2-3 months to dry 
up completely (Plate XLIX). Rarely the underground rhizomes begin throwing 
out new shoots, if favourable conditions with regard to moisture are obtained. They, 
however, never grow into shoots of economic importance, because very early in their 
life they begin to flower and dry up lilre the mother plant from which they take 
their origin. In one case it was observed that the new shoots began flowering a 
week after their emergence. This fact confirms the view that rejuvenation in bam- 
boos is only possible by sowing it from seed. 

2. Bamsoo Seeds. 

It is a common belief that the bamboos even when they flower do not always 
produce viable seed. Many of the Japanese species have never been known to form 
mature seed [Fairchild, 1903] but at Pusa, as elsewhere in India, the flowering 
clumps produced plenty of viable seed. 

The seed of bamboo when freed of its kernels resembles that of wheat and 
measures 5 to 8 mm. long and 2 '5 mm. broad. Strictly speaking, it is not a seed 
but a fruit (oaryopsis) for there is only one seed in the ovary and the walls are 
fused with those of the fruit to an indistinguishable degree. The- embryonic plant 
lies obliquely across one end of the seed, the rest being taken up by the starch con- 
taining cells, the endospenn. This serves as food during the early stages of develop- 
ment. Due to the rare phenomenon of flowering the bamboo seeds are possessed of 
very high powers of germination and keep viable over long periods, though the 
greatest percentage of germinations is only obtained by sowing the seed just after it 
is mature. 

The early developmental stages are similar to those of other grass seeds. The 
radicle is the first to make its appearance. The plumule takes a little longer and 
may take 2 to 3 days to clear itself of its seed-coat and increase in length before it 
unfolds its first leaf. In the soil it takes about 9 to 12 days to become visible on 
the surface and the first leaf is observed a few days after its first appearance above- 
ground. The seed-coat remains attached to the plant for a considerable length of 
time and its presence is of very great help in detecting the mother shoot later on 
when other shoots have come up. 
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3. Mode of ondbrgroond bbanouing. 

Ill the bamboo seedlings it is noticed that the first incipient bud on the mother 
shoot becomes thickened and elongated and often takes a dip downwards, before 
sending out a shoot to reach the surface- of the soil. This is the first attempt on the 
part of the plant to set about making a reserve to draw upon in times of need. 
Each node contains its own root-zone, which develops into the adventitious root- 
system to supply the increasing demands of the growing shoot. After this stage 
more and more shoots are added to the plant, each new shoot arising from the rhi- 
zome of the next higher order. The measarements of the height aboveground of the 
plants its thickness and length of the joints were taken and it was found that each 
succeeding shoot excels the preceding one in height, thickness and length of the 
joint. (Table II). 


Table II. 


Sfmving the length imd thichma of joints and height abovegmml of shoots of 

different orders. 


Ortler of filioot- 


(Shoots 

of 1st 

order ia) 

n 

„ 2iid 


(0 

ns 

,, til'd 

>7 

(e) 

SJ 

« 4th 


(<Z) 

9S 

„ 5tii 


(«) 

»» 

„ 6th 


(/) 


lituigtli of joints ill mm. measured from 
below upwards 

Thickness 
of middle 
joint mm. 

Height of 
shoots 
above 
ground 
cms. 

1 2 S 4 5 6 7 8 9 10 

7 11 12 14 6 9 8 9 7 8 

0-9 

1 i(p7 

20 21 24 30 44 46 46 50 43 ■ ■ 

i 2*0 

i 30*0 

32 33 41 45 49 40 38 29 .. .. 

i 3*4 

4G'5 

30 .51 65 55 40 32 36 32 .. .. 

i 4*2 

! 60*0 

42 73 91 89 90 90 

1 5*1 

1 67*2 

dust emerging ..... 


• • 


Note.* — Ail figures are averages of 20 counts each. 


Leaves are only I'Sx LS cm. in the case of the mother shoot but may measure 
as much as 7'2x 1'8 cm. in the shoots of the fifth order. (Table III). 


Table III. 


Order of slioot 

Leaf length cm. 

Leaf breadth cm. 

■ ' 

yiioots of 1st order {a) . 

TO 

1*2 

„ „ 2nd „ {b) . • , • 

2*8 

1*5 

59 drd j5 {^) » • 

4*4- 

1*7 

,9 ,5 4th 59 {d) . • • 

6*0 

1*7 

„ ,95 6th ,55 (e) . 

7*2 

1*8 


B EM ARKS 



Average o£ 20 Counts. 


476 


lOTIAH JOUENAXi OF AGETOULTTJEAL SCIEHCE 


[I, IV, 


The more elaborate system of the food-maaufactiiriiig organs seems to be re-* 
sponsible for the greater .thickness and greater height, etc., of the shoots of higher 
order. Another feature of the bamboo seedling is its development in one direction 
only. The shoots of the different orders are produced at ever increasing distances 
from the mother shoots. Each shoot gives out its own rhizome which becomes 
thicker and thicker as higher orders of shoots are reached. Each succeeding shoot 
arises from below the surface at a much greater dejith than the original mother 
shoot (Eig. 1). 




PLATE Li. 



A BAMBOO SEEDLING 5 MONTHS OLD— EXHIBITING ITS ROOT-SYSTEM. ThE BRANCHING JUST BELOW THE SURFACE LAYERS AND 

THAT AT ENDS IS CHARACTERISTICALLY MARKED. 





A BAMBOO SEEDLING 5 MONTHS OLD. 

(1) White back ground-— -shows the length and thickness of the joints and height above-ground of the shoot 
ot different orders A is the mother shoot or shoot of the 1st order ; B, C, D, and E are the 
shoots of the II, III, IV and V orders respectively. 

i2) Bla^ back ^ound— shows the roots labelled A, B, C, D, E, emanating from the shoots of I, IL HI. 
IV and V order. * ’ 

Note the increase m thickness of the roots in the shoots of higher order. 
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It was also obsen’-ed that each shoot gets a check in growth after it has exceled 
the preceding shoot in height* ' The course of food seems to he diverted for some 
time to the development of the rhizome which develops very quickly and sends 
out a small pointed shoot above ground^ before the preceding shoot has fully com- 
pleted its height. When once the shoot has attained the soil surface it grows re- 
markably €|iiickiy and additions of 4 to 6 cm. in height per day are not uncommon. 
This growth rate is kept up till the shoot of next higher order is seen making its 
way to the surface when the growth rate falls and all energies are concentrated on 
the next shoot. It seems probable that this goes on till the shoot has attained the 
thickness representative of a particular variety under consideration, 

4. Eoot-systems in Bamboos. 

(a) Seedlings —Thii root-system in bamboo seedlings is similar to that of sugar- 
cane seedlings. The first-formed roots are short lived and dwindle into insignificance 
as soon as the shoot has formed its own roots. These roots too die after a time and 
are succeeded by those from the same shoot or one of a higher order. These roots 
as they take their origin from the shoots of different orders also share in the in- 
creases in size with the shoots (Plate L. and Table IV). 


Table IV. 


Order of shoots 

Root thiehness mm. 

Remabks. 

Shoots of 1st order (a) . 

0*5 


?> 99 2nd „ (6) « • • • 

0*9 

Average of 20 counts. 

99 9s Srd ,, (c) • • • . 

1*2 


„ „ 4th „ (d) . 

1*6 


„ „ 5th „ (e) , • r 

1*8 



From the study of the mode of underground branching of shoots in bamboo 
seedlings it is evident that the roots emerging from the shoots of the higher orders 
are usually produced at deeper layers and that most of these roots spread superfici- 
ally only. A few, however, do strike down to 50 cm. de|)th. The upper 20 cm. layer 
is characterised by very fine and slender branches and a network or matting at the 
ends is quite common. (Plate LI). The roots in general resemble those of sugar- 
cane seedlings but differ from them in the duration of their functioning life. In 
sugarcane seedlings the fi.rst system of roots usually gets decayed after 28 to 42 da vs 
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clepending ■ upon tlie class of seedling, wHle- in bamboo seedlings tbe first formed 
roots can be traced fiiiictioning-''eveii 4 m,oiitIis after tlie sowing of ,tlie seed. This 
may be attributed to the perennial nature of- the bamboo plant. 

^ (b) Setts.— The bamboo stock is made up- of a series of joints separated from 
each other by the .nodes and is 'Usually hollow. The node is often of greater 
diameter than the internode and may- he very 'much swollen in some cases. The 
length of -joint or 'internode' varies a good- deal in the stalk of different seasons and 
increases from below upivards, the longest joints being met with somewhere about 
one-third to one-half the distance from the base of the stalk. At each node, and 
alternately on opposite sides, lies the eye or bud which is usually much flattened, 
pressed very close to the stalk and is most commonly ovate in shape and outline. 
It is covered over with persistent and coracious scales which shelter it from all sorts 
of unfavourable circumstances. . 

. Along with the bud and in the same zone there, are a number of root primordia 
which are rather indistinct in the younger buds. In mature stalks, how’-ever, they 
swell up and given favourable conditions of moisture and darkness, they elongate 
and result in the temporary root-system of the plant. There is usually one row of 
these root primordia present, and this may contain as many as 72 of these dormant 
roots. All of these, however, do not become active and, in most cases, a good lot 
of them get injured in their swollen state. Thus, each node of the bamboo stalk 
is capable of giving rise to a new plant. The essential bud and the root 

eyes— are comparable to plumule and radicle of the seed but of course the sett 
possesses a greater reserve of plant food than the seed. The preliminary stages of 
root development are similar in both seed and sett pkntings. Each newer flush of 
roots is thicker than its predecessors and possesses greater power of peiietratioii. 
The greater thickness of the later-developed roots can be attiibiitefi to the greater 
amount of .plant food these roots have at tlieir disposal, [Ven.kataraman and 
Thomas, 1929 ]. 

The root-system of two-year old bamboo plants which have been propagated 
vegetatively, consists of a very heavy mass of whitish brown roots, 4 to 6 mm. in 
thickness (Plate LII). They branch rather meagrely and the depth of penetration 
is limited to 60 cm. below the soil surface. The lateral spread, however, is about 8 ft. 
all round though only the first five feet are profusely occupied. The spread seems 
to depend on the texture of soil. In soils of light nature and loose texture the 
spread exceeds that in the heavier class of soils. In plants growing near the river 
the roots are found to have occupied laterally greater distances than are usiially 
taken up by the roots of plants 'in drier- situation. The end- portions -of bamboo- 
roots are - characterised by masses of very fine and hair-like bramchlets which insure 
the thorough tapping of the soil layers. 
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• (c) ^ Old Plant— The root^systeni of a plant which had recently flowered was also 
studied and it was found that it did not differ much from that described above 
except for its greater depth of penetration which was 154 cm. from the surface of 
the soil (Plate LIII). There were also present a very large number of dead dark 
brown roots between 65 to 154 centimeter layers. No fresh roots were observed 
to be developing. From the presence of dead roots at . different levels it appears 
that depth of penetration of the roots varies at different seasons in a year. During 
the rainy season most of the deep penetrating roots die off on account of the rise 
of the water-level and the plant during this period lives on the surface layer roots. 

5. Rhizome — its Value in Babiboo Cultube. 

Very early in the life of a bamboo plant it evinces a strong desire to develop a 
rhizome to be used as a reserve of plant food. Each rhizome is bigger than the 
one preceding it (Fig. I), and is produced at greater depth. This seems essential 
from two points of view, firstly to enable the developing young shoot to outgrow 
in height its predecessors and to get as much light as possible ; and secondly 
to give a gregarious plant a strong hold in the soil which is necessary because 
the root-system of bamboo plant is limited to the surface layers only and does not 
go deep. 

In bamboo culture the existence of the rhizome is of considerable importance 
because it ensures quick propagation owing to the large amount of easily assimilable 
food which the rhizome contains. 

In the end, my grateful thanks are due to Dr. F. J. F. Shaw, the Imperial 
Economic Botanist, Piisa, for affording me facilities ; to Khan Sahib Ahdur Rahman 
Khan, First Assistant to Imperial Economic Botanist, for placing at my disposal a 
large number of bamboo seeds and seedlings to carry on this study, 
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The influence on the nitrification processes in soil of carbonate, sulphate, and 
chloride of sodium, the presence of which gives rise to certain types of alkali soil 
to be found in India, has been studied by several workers in the United States. 
In most of their investigations the nitrification of only cne type of nitrogenous 
manure in one type of soil has been studied by each worker, and the period of 
incubation has not exceeded four weeks. The results obtained have been by no 
means uniform, especially when sodium carbonate was added. 

Lipman [1912] used light sandy soil from South California, fairly well supplied 
with humus. Two grams of dried blood were added to 100 grms. of soil, moisture 
content made up to 18 per cent, and incubation was for three weeks at 28° C, He 
found that *05 per cent, of NagCOg was highly toxic, and on addition of OT per 
cent, there was no production of nitrate. 

Kelly [1916] used soil from the California Citrus Experiment Station, a light 
sandy loam, low in organic matter and nitrogen. Fifteen per cent, moisture was 
added and incubation was at 25°>28° C. for four weeks. 

In the soil from control plots 0*05 per cent. Na^COg was toxic when 0*15 per 
cent, ammonium sulphate was added. 0*1 per cent, had small efieet when 1 per 
cent, dried blood was added, and stimulated the nitrification of *0626 per cent, 
ammonium sulphate. 

In soil from manured plots, 0*05 per cent. NagCOg was toxic when 1 per cent, 
dried blood or 0*15 per cent, ammonium sulphate were added. On the nitrification 
of 0*1 per cent, dried blood, 0*4 per cent, sodium carbonate had little eflect. 
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Brown and Hitclicock [1917] used alkali soil from tlio University of Wyoiuing 
AgriGultiiral Experiment Station. 100 mgms. ammonium siilpliate were added 
to 100 gnus, air dry soil, moisture made up to tlie optimum and 5 cc. of fresli 
soil iiifiisioii added to introduce a nitrifying flora ; inciibation was at ruom 
teiiiperature for four weeks. Nitrification was stimulated by 0*05 per cent. 
slightly stimulated by 0*1 per cent, and depressed by higher concentrations. 

T. Bl. Singh [1918] used a heavy silt loam, from Oregon. 100 grins, soil was 
taken,, the salt added, tlie soil brought to optimum moisture content, and 
incubated at room temperature for four weeks. The experiment was run in dupli- 
c'ate. Nitrification was stimulated by additions of sodium carbonate up to 0*5 per 
cent., was unaffected by 0-8 per cent, and slightly depressed by , 1-0 per cent. 

Greaves and his associates [1919] used soil from the College Farm, Utah, a 
very productive sandy loam. They give the complete physical and chemical 
analyses of the soil, w'hich contains 0T5 per cent. N, 7‘41 per cent. CaO, 4*15 per 
cent. MgO and 7*62 per cent. COg.. 

2 grms. dried blood were added to 100 grms. soil, moisture content 20 per cent., 
and incubation wurs at 28^—30° G. for 21’ days. Sodium carbonate was toxic at 
the lowest concentration used, *0016 per cent., but even at 0*32 per cent, was not 
so toxic as sodiiiiii chloride at 0*35 per cent. 

When sodium sulphate was the added salt, Lipman [1912] found that 01 per 
cent, stimulated iiitiification, 0*2 per cent, had no effect, 0'3 per cent, was toxic 
and 0*8 per cent, stopped nitrification altogether. 

Kelly [1916] in soil from control plots found that 0*1 per cent, had slight 
effect on the nitrification of 0*1 per cent, and 0*5 per cent, dried' blood or *0625 
per cent, ammonium sulphate, but was toxic to that of 0*15 percent, ammonium 
sulphate. 

In soil from manured plots 0*1 per cent, stimulated the nitrifica'tioii of 1 per 
cent, dried blood, but had no effect wdth. 0*1 per cent, dried blood or 0*15 per cent, 
ammonium sulphate. 0*5 per cent, was toxic with 1 per cent, dried blood or 0*15 
per cent, ammonium sulphate, but showed no effect with 0*1 per cent, dried blood- 

Bimvn and Ilitchcock [1917] found that in normal soil it stimulated in <|Uan«- 
tities up to 2*072 per cent., but twice this quantity depressed nitrification consi- 
derably. 

Singh [1918] found a stim'ulating effect ‘with 0*2 per cent- ; owing to the 
difference between Ms control duplicates, 89*2 and 50*8 mgms. nitrate per million 
parts soil, it is difliciilfc to say what effect higher quantities had. With these Jiigher 
quantities duplicates agreed well, and the mean with 0*4 per cent, was 80 mgms, 
and with 1 per cent, was 71 mgms. Even with 2 per cent, the depression of 
nitrification was only to 67*4 mgms.' 
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Greaves [19193 found its effect to be about the same as that of sodium 
carbonate— toxic at all concentrations used. 

Sodium oMoride, 0*2 per cent., was generally found to be toxic. Lipman [1912] 
found that *05 per cent, actively, and 0*1 per cent, slightly, stimulated nitrification. 
0*2 per cent, was toxic and 0*4 per cent, stopped nitrification. 

Brown and Hitchcock [ 1917 ] found that in normal soil *005 per cent, 
stimulated, and over *01 per cent, depressed nitrification. 

Singh [1918] states that nitrification is checked by *005 per cent., but the 
differences between , duplicate determinations make this uncertain till the concen- 
tration of *05 per cent, was reached. 

Greaves [1919] found sodium chloride to be the only salt that increased nitrate 
accumulation, and was most active at a concentration of *058 per cent., but toxic 
at *23 per cent, and highly toxic at 0*35 per cent. 

In out experiments nitrogen was added at the rate of 30 mgms . per 100 
grms. soil, in the form of either sulphate of ammonia or mustard cake. The 
moisture was made up to the optimum for nitrification in each soil by the addition 
of distilled water in which the desired amount of the salt to be added was dissolved. 
Incubation was at 30° 0., and loss of moisture was made up every week. 

Samples weighing 50 grms. dry were withdrawn at intervals of one or more 
weeks, depending on the progress of nitrification in the particular soil, for eight 
weeks or more, and their nitrate, nitrite, and ammonia content determined. 

Nitrates were determined colodmetrically by the phenol-di-sulphonic acid 
method, nitrites by the Griess-Ilosway method and ammonia by the Schloesing 
method. 

The soils used were : — 

(a) Pusa soil, pH 8*1, a highly calcareous loam, containing about 30 per cent, 

calcium carbonate. 

(b) Kalol soil, pH 7*3, a heavy loam from northern Bombay. 

(c) Chinsurah soil, pH* 7*2, a clay from Chinsurah, Bengal. 

(d) Jorhat soil I, pH 4*2, a cultivated, unlimed, unmanured soil from the 

Jorhat Farm, Assam. It is a light loara containing *1 per cent N. 

(e) Jorhat soil II, pH 5*6. As above from an uncultivated plot. 

(f ) Sialkot soil, pH 7*3, a heavy loam from Sialkot, Punjab. 

Tables I-VIII show the progress of nitrification of cake and ammonium sulphate 
in the above soils when varying quantities of sodium carbonate were added. The 
figures are the number of milligrams nitrogen per 100 grms. soil in the form of 
nitrate, nitrite, and ammonia. When the amount of nitrite is below 0*5, the 
coliimii for nitrites is omitted. 
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K’umber of weeks incubation 1 2 4 (> j o 

NO, NO, NB, NO, NO, NH, NO, NH, NO,NH, NoJhH, NO, |kH, NO, 

— 

Soil +Amm. sulphate . . 4-5 12-0 12-4 15-6 S'O 3-0 12-0 4-0 IS'S 6-4 14-4 fi’O Not determined 

Bo. 4* *05 percent. 3*0 7*2 12‘0 10*8 10*4 4*0 16*8 4*4 21*6 0*4 19*2 0*4 

.NajOOa. 

Bo. 4-0*1 percent. 2*1 4*0 11*2 7*8 4*0 4*8 19*2 4*8 21*6 6*820*4 6*8 

NaaCO*. 

3>o. 4-0*2 percent. i*2 2*1 12*8 1*7 0*7 9*2 15*0 5*2 21*6 5*6 26*6 4*8 19*2 4*4 14*4 

iratCOj. 

Do. +0-3 percent. 0-9 O'l 19-0 09 16-8 1-2 1G-4 1'2 14-8 10-8 6-4 9-0 

Na,C0,. 

Do. +0-4 percent. .. .. .. 0*8 .. IS'O 0-9 14'0 0-914-0 1-2 12-4 1-1 9-C 6-0 


Influence of sodium carbonate on the nitrification of mustard caJce in Pusa soil 


Number of weeks incubation 


SoU4-Cal£0 . . . . . . 3*0 1*9 8*4 

1)0. + *05 per cent. NaaCJO* , 3*0 1*9 8*0 

Bo. 4-0*1 percent. KajCO, . 2*4 1*7 9*2 

Bo. 4*0*2 per cent. NajCOs . 1*2 0*5 11*6 3*6 6*2 8*4 

Do. 4-0*3 percent. Na,COa .. 0*6 0*2 16*0 


Bo. -f 0*4 per cent. NajCO, 


.. 0*6 0*3 16*0 0*6 14*0 0*6 f 14*0 I 0*9 112*0 


6*8 13*2 

1 11*6 

6*8 13*8 

10*4 

7*5 13*2 

11*2 

7*4 15*0 

10*8 

[4*8 0*8 

12*0 

14*0 0*9 

12*0 


There wbs no nitrification in the soils with 0*3 per cent, and 0*4 per cent. 
in 14 weeks. ■ 


Table IX shows (.he progre-ss of niiirificafcioa in Omelianski solution as influenced 
by sodium carbonate. 

Table I. 


Influence of sodium carbonate on the nitr%fication of ammonium sulphate in Pusa soil. 
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Table III. 


Influence of sodium carbonate on the nitrification of ammonium sulphate in Kalol soil. 


Kumte of weeks inciibatioii 


1 


^ . 



3 





7 

11 

14 





KOg 

NOa 

OTs 

KOa 


Mi, 


mu 

NO, 

NHs 




AH, 

Soli -f Ammoa. sulphate 

1*8 

27 *0 

5*1 

.. 

20*4 

9*6 


17*4 

13*2 

15*ojl3*2 

13*8'l4*4 

13*2 

19*2 

10*8 

Bo. 

|5er cent. 
Ka.COa. 

l*g 

25*8 

8*1 

•• 

17*4 

13*2 


13*2 

.6*8 

21*4jl.:*0 

10*8 

•.0-4 

8*4 

22*8 

7*2 

Do. 

40*1 per cent. 

1*8 

20*4 

10*2 

•• 

15*6 

15*6 


0*8 

20*4 

S*l|21 *6 

4*2:21*0 

i 

! 

4*2 

26*4 

2*4 

Do. 

+ 0*2 per cent. 

1*2 

26*4 

4*2 

5*44 

10*8 

16*6 

1*75 

9*0 

25*2 

4*8j24*0 

4*224*0 

i 

i 

3*0 

26*4 

2*4 

Do. 

+0*5 per cent. 
N-a^GO.,. 

0*9 

28*2 

1*6 

5*1 

14*4 

6*6 i 

2*7 

4*2 

28*8 

3*6 

24*0 

3*0 

25*2 

3*0 

28*8 

3*0 

Do. 

+0*75 per cent. 
NajCOa. 

0-3 

22*8 

•• 

*• 

*• 

0*3 


18*2 

0*9 

14*4 

10*8 

3*6'13*2 

i 

5*4 

13*2 

3*6 

Bo. 

+ 1*0 per cent. 
Ka,CO*. 

0*3 

16*2 




0*3 

•• 

9*0 

0*6 

6*0 

0*63 

4*2 1*08 

4*2 

1*06 

3 ’ 6 


Table IV. 


Influence of sodium carbonate on the nitrification of mustard eaJce in Kalol soil. 


Number of iseeks incubation. 

1 

2 

mmm 

Hi 

S 

14 


NO, 

NOa 

NH, 

NO, 

NO, 

1 

NH, 


H 

i 

NO, 

xN-H, 

NO, 

NH, 

NO, 

NH, 

8oil + Cake 

2*1 

0*21 

20*4 

10*2 


7*8 

13*2 

.. 

4*2 

14*4 

3*0 

19*2 

4*8 

22*8 

4*2 

Do. + 0 * 05 ; per cent. 

Na/'Os. 

3*0 

0*74 

18*0 

15*0 


2*4 

16*2 


2*4 

15*6 

2*4 

19*8 

3*6 

21*6 

6*0 

Do. +( *1 per cent. 

NajCOg. 

1*8 : 

1*0 

19*2 

14*4 

0*1 

4*2 

14*4 


2 * 4 : 

15*6 

3*6 

20*4 

6*0 

24*0 

3*6 

Do. +0*2 j)cr cent. 

N'agCOa. 

0*6 

0*6 

21*6 

8*4 

3*1 

2*4 

16*2 

*• 

3*0 

1 18*0 

3*0 

21*0 

4*2 

24*0 

4*2 

Bo. +0*6 per cent. 

NaaCOa. 

0*6 

0*5 

25*8 

1*8 

4*3 

6*0 

6*6 

4*3 

4*£ 

18*0 

' 3*0 

21*6 

4*8 

21*6 

3*6 

Do. +0*75 per cent. 

NajCOa. 

0*3 


16*2 




0*3 

•* 

16*8 

0*6 

12*0 

0*6 

7*8 

0*5 

4*2 


Eesult with 1 per cent. NogCOg was the same as with 0*75 per cent. 









Number of weeks incubation 


Soil + Ammon, sulphate 


Bo. +0*1 per cent KaaCOg 


Bo. +0*S per cent. NajCOa 


Do. +0*3 per cent NajCOg 


Do, +0*4 per cent. NajiCOj 


NHg 
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Table V. 

Influence of sodium carbonate on the nitrification of cahe in Chinsurah soil. 


Number of wee.ks incubation 


Do. ■ +0*05 per cent. NUaCOj 


Do. +0*1 per cent NuaCOa 


[)o. +0*2 per cent. NUaCOa 


3o. +0*5 per cent NagCOa 


)o. +1*0 per cent NajCOa , 


4 

Table VI. 

Influence of sodium cmhonate on the nitrification of ammonium sulphate in Jorhalsml 


20*0 

24*2 

26*9 


NHa 


36*2 
























INDIAN 30UBNAL OP AGBICUDTUBAt SCIENCE 

Table VII. 



. Niiailittr of weeks Irieiil.iation ^ ** ' - 

NO, NH, NO, SH, NO, KH, NO, HE, HO, NH, NO, NH, 

_ 2-4 5-2 8-0 S -2 4-8 2-8 S'O 2-8 S'? 2-8 6-3 2-0 

..... 0 -W 20-8 1-2 24-8 1-4 25-6 5-7 W 6 9-6 lG -8 9-0 15-2 

no. -IO-lparceBt.Ka,CO, . 1-2 25-2 S-0 22-4 15-6 8-8 16-2 5-6 15-6 4-8 10-8 2-4 

Do. + 0 - 2 pere(m. Na,CO, . 1-2 24-0 1-7 24-4 8-4 25-6 13-2 12-8 12-0 8-4 13-2 4-8 

no. +0..-!pGr o™t.Na.CO, . 1-4 21-6 X-4 21-C 1-5 26-0 2-1 23-6 1-5 23-6 ^ 2-1 22-8 

WLen 0-4 per cent, and 0*5 per cent. NajCOg were added, the figuieB of nitrate 

were slightly lees than with 0*3 per cent. 

Table VIII. 

Infittetice of sodkm carbonate on the nitrification of mustard cale in Jorhat soil No. 11. 


Number of w'oeks ilicubatloa 1^1 * I - i 1 ” 


Soil -l-eake 



NO J NHs KOa NOa NHa NOa NHa ' NOa NO, HHa NO« NH 

0*6 20*4 4*8 .. 16*4 7*2 .. 9‘6 18‘0 .. 6“8 16*8 1 * 



no. + 0-1 per cent. Na,CO, . lO'S 5-2 12-6 .. 1-8 20-4 .. 1-6 18-2 .. 2-4 19-2 2-4 

no. + 0-2 per cent. Na,CO, . Trace 16-2 Trace 1-12 15-8 1-B 1-4 3-2 1-8 6-0 3-2 19-2 1-8 

no. + 0-3 pci cent. Na,CO. . Trace 18-8 .. 1.. 20-6 .. .. 19-2 .. .. 17-2 .. 9-6 

There was no nitrification when 0*4 per cent, and 0*6 per cent. NaCOg were added. 
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Table IX. 

Influence cf sodmm carbonate on nitrification in Cmelianskfs solntofh 


The solution was iiioculated with 1 gim. Pusa soil. 


Hiiiiil)er of weeks iiiciibatioa 

2 


1 

1 

i 

0 

8 


NO3 

NOj 



NO3 

1 

1 NOg 

HOs 


Oineliansky soliitloB ..... 

0-75 

0*5 

4*S 

. . 

lO-O 

. . 

14*0 

.. 

Do, + 0*05 per cent. Ha^COg. 

.. 

3*3 

1-0 

3*6 

C-6 

.. 

11*0 

.. 

Do. , + 0 *i per cent. Ha^COg . 

.. 

. . 

.. 

2*0 

3-8 

.. 

7*0 

« * 

Do. + 0*2 per cent. HagCOa . 


•• 

•• 

• • 

i 

1*1 

1*8 

2*0 


There was no nitrification when 0*6 per cent. NagCOg was added. 

Examination of the results shows that in Pusa soil the nitrification of cake was 
unaffected by concentrations of sodium carbonate below 0*2 per cent., was depressed 
for two weeks by 0*2 per cent., but recovered by the fourth week, and was suppress-* 
ed by 0*3 per cent, or more. The nitrification of ammonium sulphate was depressed 
by all concentration for tw^'O weeks, but from the fourth W'eek a stimulating effect 
was shown by concentrations up to 0*2 per cent. With a concentration of 0*3 per 
cent., nitrification was suppressed for eight wrecks, and by one of 0*4 per cent, for 
twelve weeks. 

In Kaloi soil nitrification of ammonium sulphate w as stimulated by concentra- 
tions up to 0*2 per cent. Xa^COg from the second week's incubation. With 0*6 per 
cent. XajjCOg, depression was followed by stimulation at the end of the fifth week. 
With 0*75 per cent. Na 2 C 03 , no nitrification was observed till the seventh week, and 
with 1 per cent. XayCOg, none was observed in fourteen weeks. 

The nitrification of cake was less affected than that of ammonium sulphate by 
concentrations up to 0*6 per cent, but when higher concent] ations were added> it 
had not started after fourteen week's incubation. 

In Chinsurah soil, amounts of sodium carbonate up to 0*5 per cent, had little 
influence on the nitrification of cake ; even when 1 per cent, w as added nitrification 
was active after the fouiijh week. 

In Jorhat soil No. I, nitrification of ammonium sulphate, which was practically 
absent when no sodium carbonate was added, was greatly stimulated by 0*2 per cent^ 
NagCOg. 0*3 per cent, sodium carbonate caused no improvement till the tenth 
week and with 0*4 per cent, there was no nitrification in twelve weeks. With cake^ 
OT per cent. Na^COg stimulated nitrification vigorously, and 0*2 per cent, rather 
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less SO, Hitxificatloii was inliibited by concentrations of 0*3 per cent, and over. In 
Jorliat soil No. II, 0*1 per cent, NaoCO^ stimulated tlic^ nitrification oi cake, 0*2 per 
cent, lield it in- clieck for eight weeks, after w.liieli it was very active. Nitrification 
was absent wlieii 0*3 per cent. Na^CO^ was added. 

Ill Omeliansky solution, inoculated Avitb Piisa soil, the smallest dose, (1*05 per 
ctjiit. Na/jOg, diminished the amount of nitrification. 

The inHiieiice of sodium sulphate on lutrification is illustrated in tables X- 
X?II and ttet of sodium chloride in tables XVIII-XXI?, 

Table X. 


Influence of sodium sulphate on the nitriflcation of ammonium sulp)hate in Pusa soil. 


i\ «mber of weeks 
iacubatioii 

1 

2 

4 

6 

( 

' 8 

' 12 

1 “ 



1 

1 

AOa 

RHs 

'no.; 

NO„ 


NO 3 

1 

1 NH« 

y^On 

NH'a 

NO„ 

X'Ob' 

NHb 

NO 3 

' NHs 

[no a 

NHa 

Soii -f Ammon, sulphate 

i>'4 

1*8 

12*8 

19*2 

1*4 

1 ' 

3*2 

21*0 

2*4 

21*6 

4*0 

21*6 


^ 3*2 

21 *0 

1*2 



Do. 

•rO'l per cent. 
NaaSCt*. 

2*7 

1-8 

11*6 

16*8 

1*8 

4*0 

21*6 

3*2 

24*0 

4*0 

24*0 


3*6 

24*0 

: 3*C 



Do. 

+ 0*2 per cent. 
Na,S04. 

1*5 

1*6 

13*2 

U*4 

1*8 

7*6 

21*6 

3*6 

*24*0 

; 3*6 

24*0 

•• 

: 3*6 

21*6 

1 4*0 

•• 

•* 

Do. 

+6*5 per cent. 

IN UjSOg. 


0*7 

23*2 

2*4 

2*0 

14*8 

21*6 

3*6 

24*0 

4*0 

24*0 


4*0 

24 *0 

4*0 


•V 

Do,[ 

per cent. 

■ Na»S'.) 4 . 

.. 

0*2 

23*2 


0*5 

21*6 


19*6 

8*4 

14*8 

21*G 

.. 

5*G 

21*0 

5*2 



Do. 

+ 1*0 per cent. 
:!N’a»SO,i. 

1 

0*1 

23^2 


0*2 

22*0 


20*0 

* • 

20*0 


2*1 

i 

17*0 

i 

16*8 

j 

4*8 

24*0 

4*0 


Table XI. 

Influence of sodium sulphate on the nitfiflealion of mustard cahe in Pusa soil. 


Number of weeks ineiihatioii 

2 

4 I 

( 0 

I 

8 

1 “ 

16 



NOs 

NO. 

NHa 

NO, 

iVEs 

, N 03 

NICa 

NOj, 

NO,, 

Nils 

NOa 

Nli'a 

NO, 

NHg 

Soil 4* cake . 


9*0 


7*2 

10*8 

0*4 

12*0 

0*8 

12*0 


0*4 

13 *'5 

, 

7*6 

19*2 

7*6 

Do. 

4-0*1 percent. 
NasSO^. 

0*6 


7*2 

12*0 

G*4 

13*2 

6*0 

12*0 


0-0 

15*0 

6*4 

21*0 

6*8 

Do. 

4-0*2 percent. 
NajSOi. 

0*0 

1*4 

7*2 

10*8 

G*0 

12*0 

5*6 

12*0 


G'O 

15*0 

7*6 

19*2 

6*8 

Do. 

4'0*5 percent. 
NasSO.!. 

1*4 

'.1*8 

8*4 

9*0 

G*0 

12*0 

6*0'. 

12*0 

.. 

6*0 

15*0 

6*5 

21*6 

6*8 

Do. 

4~0* 75 par cent. 

, NasSO.j. 


; •• 

n*6 


12*8 

1*1 

12*8 

4*2 

2*2 

8*0 

10*8 

8*8 

19*2 

6*8 


[ 2*8 
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Table XII. 

Influence of sodiim sidphafe on the nitrification of mnmoni'um sidphnte in tlMnsurah 

soil. 


Niiiiiber of weeks incubation 

4 

8 

! 12 

1 , . 


m. 

NH3 

' NOa' 1 

NHa 

NO3 

NHa 

8o!i + Amm,oniiim sulphate 

5*4 

20-8 

9*6 

18*6 

i 

15*0 

11*8 

Do. + 0*2 per cent. NaaS04 

2*4 

21-0 

6-0 

18*5 

i 

12-0 

14*3 

Do. + 0*4 per cent. . 

1-2 

23-6 

6*4 I 

21-9 

10-8 

16*8 


Table XIII. 


Influence of sodium sidpJmie on the nilriflcatimi of cahe in Chin surah soil. 


Number of weeks incubation 

4 

! 

i S 

i 

2 


NO„ 

NHa 

NO3 

NH3 

NO3 

NH3 

Soil + cake 

3*a 

12*7 

6*6 

16*8 

12*0 

10*1 

Do. + 0*2 per cent. NaaS04 > 

1-8 

14*3 

3-9 

16-0" 

io-s 

10-9 

Do. -1- 0*4 per cent. Na^SOi • 

1 

0*9 

14*3 

3*0 

1 

15*1 

8*4 

11*8 


Table XIV, 

Injluence of sodium sulphate on the nitrification of ammonium sulphate in Siallcot soil. 


490 INDIAN JOURNAL OP AGRICULTURAL SCIENCE [ I, IV, 

Table XV. 


Influence of sodium sulfliute of the niiriflealion of cake in SicAhot soil. 


Number of weeks incubation 

4 

8 

12 


NOa 

NHa 

NOs 

NHs 

NOs 

NHs 

Soil 4* cafee 

19*2 

8*4 

31*5 

6-9 

29*6 

4'2 

Do. -h 0*2 per cent. Na 8 S 04 , 

18*0 

8-6 

28*8 

5*0 

26*4 j 

4*2 

Do. 4- 0'4 per cent. Na 2 S 04 . 

16*8 

1 

1 

10-8 

26*4 

5*9 

24*0 

' 4*2 


Table XVI. 



Number of weeks incubation 


Table XVII. 

Injhiefwe of sodkim mlfimie on iJie niinflcaiion of mustard sake in Jorhat soil No. II, 


Number of weeks incubation 


NM. 


Soil + cake « 

Po. -b 0*2 per cent. NagSO^ 
Do, 4- 0*5 per cent. NajSO^ 
Do. + 0*06 per cent. CaCO, 


11*2 


16*0 
16*4 6*0 


Do. + 0*06 per cent. CaCO 
4- 0*2 per cent. NaaSO. 


Ififluenee of sodium sulmhaie on the nitrification of mustard cam in Jorhat soil No. /, 


Do. 4- 0*2 per cent, 

Naj 5 S 04 . 

Do. 4~ 0*2 per cent. 
CaCOa . 

Do, 4~ 0*2 percent. 
CaCO84'0*2 per 
cent. Na* SO* . 
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Examination of the figures slows tlat in Pnsa soil, tie initial cieprefisicin e¥eii 
witl tie adciition of 1)‘5 per cent, sodium snlptate tad been made good by tie foiirtl 
to sixth "Week. There was inhibition. of nitrification up to tie sixtl W'^eek when 0*75 
per cseiit., and to the eighth WTX^k wlen 1*0 per cent, of the salt was added, after 
which it proceeded vigorously* 

In Chinsurah soil, nitrification was depressed by 0‘2 per cent, sodium sulphate 
and rather more so by 0*4 per cent. ; after 12 weeks about 50 per cent, more nitrate 
was recovered w^hen no salt was added than was found in tie soil will 0*4 per cent, 
salt. 

In Sialkot soil the depression with quantities up to 0*4 per cent, salt was small 

Jorhat soil No. I is acid, and, no increase in nitrate was ■ found till the tenth 
week of incubation. Addition of 0*2 per cent, sodium sulphate prevented nitrifica- 
tion for 12 weeks. Wien 0*2 per cent, calcium carbonate was added to reduce tie 
acidity of the soil, nitrification was much more vigorous, and after the fourth week, 
was very slightly affected by the addition of 0*2 per cent, sodium sulphate. 

In Jorhat soil No. II, there was a small depression in the nitrate figures when 
0*2 per cent, sodium sulphate was added. 


Table XVIII. 

Inf Men ce of sodium cMofide on (he niinf cation of ammonium sidphaie in Pnsa ' 

soil 


Number of weeks 
incul ation 

1 

2 

.. _ - 

4 

6 

8 

12 

16 


NO, 

NO, 

NH, 

NO, 

NO, 

NH, 

NO, 

NH* 

NO, 

NH, 

NO, 

TO, 

NO, 

NH, 



NO, 

NBs 

Soil + Amm. sulphate 

5*2 

2'4 

12’4 

16*8 

1*4 

2-8 

21-6 

4*8 

19*2 

3*2 

24*0 

2*4 

24*0 

2*8 



Bo. + 0*1 per 

cent. NaCl. 

0*0 

2*2 

15-2 

21-6 

1-4 

4-0 

21*6 

5*2 

16*8 

4*0 

21*6 

2*8 

21*0 

3*2 

.. 

.. 

Bo, + 0*2 per 

cent. NaCl. 


2-0 

19*6 

19*8 

1*8 

10*4 

19*2 

, 3*2 

14*4 

2-8 

19*2 

2*8 

19*2 

3*6 



Bo. 4-0*4 pel' 

cent, NaCL 

•• : 

0*4 

22*8 

6-0 

0*7 

21*6 

1*4 

20*4 

5*4 

13*6 1 

12*0 

4*0 

12*0 

4*8 

19*2 

5*2 

Bo. 40*6 per 

, ceiit.'NaCi. 


0*2 

23*6 

2*7 j 

0*8 

19*2 


21-6 

1-1 

21-2 1 

] 

10*8 

4*0 

10*8 

5*2 

19*2 

i 5*2 

Bo. 41* 0 per 

coat, NaCi. | 



24*8 

2*4 

1 

1 

•• 

28*2 


22*0 


22*0 I 

i 

i 


19*6 

6*0 

6*6' 

12*0 

' 

:5*2 


* Traces. 
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Table XIX. 


liifi’uence of sodium chloride o,i the nitrification of cahe in Pusa soil. 


.Number of w.eek3 
iiiei.ibatio,ii 

^ 1 

2 

4 

0 

8 

12 

16 


NOs 

'm. 


NOa 

NO a 

NHa 

NOa 

NO, 

j NHa 

NO, 

1 

NO a 

N,Ha 

1 NO, 

NOg 

NOa. 

NOa 

Soil -f Cake . 

2*4 

1*0 

9*6 

0*6 

* 

i2-0 

14*4 

* 

6*4 

14*4 

% 

6*0 

14*4 

0*1 

19*2 


Bo. +0*1 per 
cent. KaCi. 

0 * 8 

0*8 

8*8 

3*0 

1*4 

12*0 

9*6 

* 

6*0 

8*4 


6*0 

8*4 

0*1 

12*0 


Do. + 0*2 per 
cent. .NaCl. 


0*6 

10*4 

1*1 

2*0 

12*8 

6*0 

0*1 

8*0 

6*0 

1* 

6*4 

9*6 

0*1 

9*6 

16*8 

Do. +0*4 per 
cent. NaCl j 

1 

1 

0*1 

10*8 


0*3 

17*2 


0*9 

13*0 

4*2 

♦ 

8*0 

0*6 

0*1 

8*0 

12*0 

Bo. +0*6 per 
cent. NaCI. 


ip 1 

10*4 


0*1 

19*2 


0*1 

18*2 

0*6 

1*8 

9*6 

5*4 

o*x 

6*6 

10*8 

j 

Bo. +1*0 per; 
cent. NaOI. j 

. . 1 

1 

1 

m 

10*4 

•* 

* 

20*0 


.* 

13*6 


0*1 

13*6 

« 

4*4 

4*8 

9.6 


* Trae{3s. 


Table XX. 

Influence of sodium chloride on the nitrification of ammonium sulphate in Chinsurah 

soil. 


Number of weeks mcubation 

4 

8 

12 


NO3 

NH3 

NO, 

NH3 

NO3 

NH, 

Soil 4- (NH4)2 so . . . 

5*4 

20*8 

9*6 

18*5 

15*0 

li'8 

To. 4- 0*2 percent. Na-Cl . . j 

0-9 

29*4 

3*6 

25-2 

6*6 

17*4 

Do. f 0'5 per cent. NaOI 


29*4 

2*4 

27-7 

5*4 

21*0 


Table XXI. 

Influence of sodium chloride on the nitrification of cake in Chinsurah soil. 


Number of weeks incubation 

4 

8 

12 


NO3 

NO3 

NH3 

NO3 

NOa 

NH3 

NO, 

Nff, 

Soil + • 

3*6 

0*02 

12*7 

6*6 


16*8 


10*1, 

Bo. + 0*2 per cent. NaCi. 

0*0 

0-15 

16*8 

2*4 


16*0 

7*5 

11*8 

Bo. -f- 0*5 per cent. NaOk 



16*8 

1*8 

O’O 

16*8 

6*0 

0*8 


I 
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Table XXII. 


Influence of sodium chloride on the nitrification ofl ammoniim sulphate in Sialkot soil 


Number of weeks incubation 

4 

s 

1 

2 


NO3 

NH3 

N03 

NH3 

NO3 

NH3 

Soil + (NH4)2S0, 

15*6 

9*4 

36-0 

5*0 

U-0 

8*4 

Bo, + 0'2 per cent. NaCl 

6*6 

16-8 

14*4 

5*9 

18*0 

5*0 

Bo. + 0*5 per cent. NaCl 

0*0 

27-7 

10*8 

5*9 

12*0 

: 6*7 


Table XXIII. 

Influence of sodium chloride on the nilriflcation of cake in Sialkot soil 


Number of weeks incubation 

4 

8 

12 


NO3 

NO 2 

NH3 

NO3 

no/ 

NH 3 

NO. 

NH, 

Soil 4 - cake 

19*2 

0*04 

8*4 

31*5 

0*12 

5*9 

29*6 

4*2 

Do. + 0*2 per cent. NaCl. 

9^6 

0*06 

9-2 

19*5 

0-08 

5*9 

16*8 

5*0 

Do. + 0*5 per cent. NaCl. 

3*6 

0*14 

25-2 

15*0 

0-08 

6*7 

10*8 

5*0 


Table XXIV. 

Influence of soddim chloride on the nitrification of mustard cake in Jorhat soil No. II. 


Number of weeks incubation 

4 

6 

i 

12 


NU3 

NH, 

NO 3 

NH3 

NO3 

NH3 

Soil + cake. 

1*2 

18*8 

16*8 

6*8 

15*0 

4*0» 

Do. + 0*1 per cent. NaCl 

1*1 

0 

00 

12*0 

9*6 

9*0 

8*8 

Do. + 0*2 per cent. NaCl 

0-6 

22-4 

30 

7'0 

2*6 

8*4 

Do. + 0*4 per cent. NaCl 

f 

23*8 

1*4 

22*4 

3*9 

14*8 


* 10 weeks. f Traces, 

In Pusa soil, the slight stimulation of nitrification of ammonium sulphate in 

the second week by the addition of 01 per cent, or 0-2 per cent, sodium chloride is 
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not maintaiaecij and is folio wei by a slight depression. Increasing toxicity is 
shown by higher quantities,- The toxicity of OT per cent, sodium chloride to the 
nitrification of cake is ' evideatj but even 1 per cent. ' sodium chloride did not 
entirely prevent nitrifications which had started by the twelfth week’s incubation. 

In CMnsurah and Sialkot soilSj 0‘2 per cent, sodium chloride markedly checked 
iiilrification, but not so severely as in J orhat soil Mo, IL 


Summary. 



The manner in which nitrification in soil was iafiaenced by sodium carbonate 
depended on the nature of the soil, and to a lesser extent, .upon whether cake or 
ammonium sulphate was being nitrified. 

In. Pusa soil, 0*2 per cent, sodium carbonate, showed toxic effects for two weeks, 
after which nitrification caught up to, and with ammoniuni sulphate, surpassed 
that of the control 0*3 per cent, was distinctly toxic. 

In the Jorhat soils, which are acid, the initial doses of sodium carbonate, by 
.lowering the acidity, increased iiitii.ficatioii_, but 0*3 per cent, suppressed the nitri- 
fication of cake; and 0*4 per cent, that of ammonium sulphate. 

In Kalol soil,' initial depression was followed by stimulation, when' 0*5 per cent, 
sodium carbonate was added. 0*75 par cent.' retarded the nitrification of 
ammoiiium. sulphate, and entirely suppressed that of cake. 

■ There was some stimulation of nitrification in Chinsurah soil by additions up 
to 0*2 per cent. ; . 0*5 per ' cent, had little effect, and even when 1 per cent, was 
added nitrification was vigorous, for its addition "produced about two- thirds of the 
amount' of nitrate found in the control soil. 

Except in Pusa soil, 0*2 per cent, sodium sulphate sIiow ,:d some toxic effect, 
which increased as the dose of sodium sulphate increased. In Pusa soil, the initial 
depression caused by the addition of 0*2 per cent., and even of 0*5 per cent., lasted 
only a short time, after which nitrification proceeded as vigorously as in the 
control 1 per cent, sodium sulphate prevented nitrification for eight weeks, after 
which nitrate accumulation was rapid. 

Sodium chloride, 0‘’2 per cent, depressed nitrification, except that of ammonitiin 
sulphate in Pusa soil, where its influence was slight. 0*1 per cent, depressed the 
nitrification of cake in both Pusa soil and Jorhat soil Mo. II. 
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FOOD REQUIREMENTS OF CROPS WITH REFERENCE TO 
SOUTH INDIAN SOILS * 


BY 

B. VISWA NATH, F.I.C., 

Agricultural Che nist to the Government of Moira? , Qoimbatore. 

(Eeceived for publication on the 20th April, 1931.) 

(With plates LIV to LV and two text-figures.) 

Although plants require a number of elements for normal growth and reprocluc- 
tion, in agricultural practice the supply of plant food elements is restricted to 
nitrogen, phosphorus and potassium, as these are absorbed in relatively large 
quantities. The soil ordinarily contains sufficiently large reserves of the other 
elements and does not need replenishment. Occasional applications of lime may, 
however, be indicated in certain localities. The discussion is, therefore, confined to 
the supply of the more important constituents, namely, nitrogen, phosphoric acid 
and potash. 

The food requirements of crops may be discussed from many points of view. I 
am here limiting myself to the consideration of the effects of different forms of food- 
supply on — 

1. the growth and the yield of crop, 

2. the composition of the crop, 

3. the vegetative and reproductive capacity of the seed, 
and 4. the nutritive value of the crop. 

The observations made hereunder are based on the results of experimental work 
done at Coimbatore, although, judging from the direct and indirect confirmations 
elsewhere, they are of wider applicability. 

1. Mai^uking with keference to Yem). 

Norris [1923] in his '' Note on the Permanent Manurial Plots at Coimbatore 
discussed the results of 36 successive crops taken off the plots that have been conti- 
nuously manured with cattle manure or with ammonium sulphate, superphosphate, 
and potassium sulphate, singly and in different combinations. In the. earlier crops, 

* Cotttrlbtttioii to the joint disc iission by the Agricultural and Botanical sections of the Indian 
Science Oongress, Hagpur, 1931. 
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there was no great difference in the 'yields from the plots to which nitrogen^ 
p'liosphoric , acid and potash were applied singly. As would be expected, the 
■yields from plots receiving nitrogen were more than those from plots receiving either 
potJEsh or phospliate. A definite change was, however, noticed after 18 crops were 
harvested. Comparing the yields from nnmanured plots 'with those from manured 
plots, the yields from the IDth crop showed differeiiccs in favour of plots receiving 
phosphate, singly or in combination with either nitrogen or potash. This difference 
kept on. increasing as the experiment continued. The relative yields of crops as 
recorded by 'Norris [1923] in the Memoir referred to above are extracted below : — 


Relative yields {No mmvim^lOO). 



Cholam 

Rf 


Wheat 


(Andropogan 

(Mleusme 

{Triticimi 


Sorghum) 

coracana) 

vidgare) 


Grain 

Straw 

Grain 

Straw 

Grain 

Straw 

No manure 

100 

100 

100 

100 

100 

100 

N. . , 

112 

120 

170 

165 

157 

135 

K. . ' . . , . , . 

m 

143 

300 

200 

138 

■, "■ , ; 

P. . 

232 

163 

S29 

286 

161 

137 

N plus P . 

292 

191 

812 

440 

224 

196 

Wpl'us K flm P 

276 

192 

003 

548 

246 

230 

H plus K . 

ill 

140 

226 

' ,18! 

1.58 

120 

K plus P , 

253 

167 

075 ^ 

414 

I 

194 

183 


It is evident that phosphate had become a limiting factor in tliese plots. There 
was response to nitrogen but it was much less than that due to phosphate. In the 
case of plots receiving no phosphates, the response to nitrogen was limited by the 
deficiency of phosphoric acid. This is clearly 2eeri when the increases due to 
nitrogen and potash singly, and in combination between themselves, are compared. 

The aGtion of potash is not clear. While in the case of and \vhe^^^^ 

tended to show?- a depressing action, its beneficial effect on mgi was very marked. 

Comparing cattle manure with mineral manure, the average yields of crops 
manured separately with cattle manure and complete mineral manure, as against 
“ No manure '' at 100, are given for two periods. The first covers 36 crops which 
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formed the subject matter of the paper by Norris ; and the second refers to the sub- 
sequent 20 crops. 


From, ike I si to ike 36 Ih 
crop 

C^liolam 

Ragi . . . „ 

Wlieat . . 

From, ike 37ih io the 36th 
crop 

Cholam . , , 

Ragi . , . . 

Ranivara-gn 

Wheat ^ . 

Cambodia cotton Kapas 


No manure 

Complete mineral 
manure 

Cattle manure 

Grain 

Stra\¥ 

Grain 

Straw 

Grain 

Straw 

100 

100 

292 

191 

29;> 

192 

100 

100 

903 

.548 


426 

iOO 

100 

246 

230 

171 

191 

100 

100 

336 

166 

384- 

202 

100 

100 

429 

402 

■ 409 

479 

100 

100 

377 

306 

461 

370 

iOO 

100 

237 

201 , 

356 

290 

100 

133 

191 


The eflect of farmyard manure on the first 36 crops was generally inferior to 
that of the complete mineral manure. The averages for the 37th to 56th crops were, 
with the exception of those tor ragi, distinctly in favour of farmyard manure. It 
may here be stated that for ragi it was only in the case of crop No. 38 that the 
yield from mineral manure plot was higher than that from farmyard manure plot. 
If this crop is cut out, the averages for the rest of the crops from faimyard manure 
plots are greater than those from mineral manure plots. 

It would appear that artificial fertilisers show distinct superiority over farm- 
yard manure in the earlier years of their application, and that in later years farm- 
yard manure asserts itself in contributing to greater yields over artificial fertilisers. 
This conclusion is supported by the results of experiments at Eothamsted. Sir John 
Russell [1926], in his Hitchcock lectures in America, drew attention to this fact and 
showed how mineral manures were sujierior to farmyard manure in the earlier years 
of their application- and how in later years the yields fell below those of farmyard 
manure plots. 

It would also appear that mineral manures are capable of being better utilised 
in the presence of suflicient supplies of organic matter than when applied alone. 


Artiicials 


The results of certain pot cultures with paddy in this directi 

No manure ... 
r Pliospbate alone . 

, j Nitrogen alone . 

(. Nitrogen plus pbospbate 
Green Manure 

Aitifioials with r phosphate 

organic manures, j manure plus nitrogen 

( Green manure nitrogen iika pbospbate 


on are given below 


o-sa, 

0*60 

0*70 

0*90 

1*00 

1*20 

1*33 
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The pfoportioa of grain to straw has also been found to vary with the nature of 
the maiiufial treatment. 


Ohokm—Ralio of grain to slfaw {8tmw=100). 

No m anure plots' . « . . . • « • 

Noil-phosphate plots . -M'S 

Pliosph ate plots . 19'6 

Cattle manare plots - . 23*7 


Here again the proportion of grain to strav is greatest in the cattle manure and 
phosphate plots. 

2. Manuring wrra Reference to the Composition op the Orop« 

The chemical analyses of crops raised under different manurial conditions are 
given below : — 


Amrage composition of cholam grain, per cent, on dry matter. 



/' Nitrogen plots 

, 1*780 Phosphate i>Iots 

. 1*797 

Nitrogen 

. j Non-nitrogen plots . 

. 1*827 Non-l^hosphate plots 

. 1*804 


(. Cattle manure plots 

, 1*810 



/ Potash plots . 

. 0*433 Phosphate plots 

. 0*462 

PotasR 

. -< Non-potash plots . 

. 0*428 Non-phosphate plots 

. 0*399 


C Cattle manure plots 

. 0*433 



/ Phosphate plots 

. 0*801 


FhospLate . 

, < Non-phosphate plots 

. 0*608 



C Cattle manure plots 

. 0*624 



It is clear that in regard to nitrogen there is no significant variation in the 
oompoiition of the grain grown under any system of manurial treatment. The 
application of nitrogen has improved the crop yield but has not increased the 
store of nitrogen. In the case of potash also its percentage in the crop is not 
increased. It is, however, in the phosphate content of the crop that the most 
striking difference is noticed and that is in favour of the phosphate plots, 

3. Manuring with Reference to the Vegetative anb Repeobuctive Capacity 

OP THE Seed Material. 

The most surprising observation is that manuring the parent crop alters the 
quality of the resulting seed in relation to its capacity for subsequent crop pro- 
duction in its next generation. Viswa Nath and Suryanarayana [1927] embodied 
the results of their investigations in this direction in a Memoir entitled The 
Effect of Manuring a crop on the Vegetative and Reproductive capacity of the 
seed These authors have shown that if the grain from the differently manured 
plots is used for seed purposes and sown in a soil of moderate fertdity, the result* 










Fig. 2. Cotton plants grown from seeds whose parent crops were differently manured, 










'it '■•.'^2 






Cotton plants grown on field-scale from seeds whose parent crops were differently manured, 
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ing crops are (liferent. The seed obtained from the cattle-manured plot gives a 
very much better crop than that manured with mineral manures or not manured 
at all. Some of the results of pot cultures by Viswa Nath and Suryanarayana 
[1927], are extracted from the Memoir quoted above. (Hates LIV, LV and Hg. 1.) 


DAYS OF EXPERIMENT 


/GROWN FROM 
I Cattle, manure 
I MILLET SEED 


Chemical manure 

MILLET seed 


NO MANURE 
hillet seed 


Rate of growth of plants raised from seeds whose parent crop was differently manured* 
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CROP PKOM THE SEED OE 


No manure Mineral manure 


Bagi . , 
Bagi 

Bain, Varagn 
Wheat . 


100 

100 

100 

100 


277-0 

143-2 

132-8 

111-3 


Cattle manure 

288*5 
173*2 
107-7 
156-6 


" Ilium -- I ^ 1 

Further experiments -with cotton and sugarcane and from seedsfromother 

Tv of the seed is influenced 

by thenatureofthe treatment given. On the face of it, this observation may be 
surprising, ut i t e analog i,s stretched to seed selection from a standing crop, 

the ® nutrition on 

^ ® gi’ont point of interest is in the superior effect of 

organic manures over mineral or chemical manures. 

sunp!Xtur^fl^'"*'^M^ T appeared evidence generally 

Ztion in^ Fothamsted Experiment 

tion, mentions in a private communication thatheobseiveddifferencesinger- 
mina^on of wheat and bariey under different manured conditions. Eao sldur 

of differently manured sugarcane setts. 

IZ tlv f fl ^ “a potatoes is 

th R ^^'lenced by the application of fertilisers and that Moorland soils give 

tfle best, vhile heavy calcareous mineral soils give the rvorst types of seed potatoes 
Kottmeier 1927] also from Germany carried out experiments with difeZ 
manures including farmyard manure, and reports that manuring aifects the quality 
of the potato seed. Breaxeale [1927], of the Arizona University, records that 

sSrnces°^^^”‘'““'‘™' vitamin-like 

4. Manuring with Reference to ihe Nutritive Value op the 

Crop. 

T,- nutrition experiments carried out in association with 
e t.-Col. R McCamson [1926], show that a crop raised with cattle manure 
possessed better nutritive value than an unmanured crop ot a crop raised with 


*PriYate commuftications. 
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mineral manures. The grain from the crop manured with mineral manures posses- 
sed better nutritive value than the grain from an unmanured crop. Some of my 
own later experiments carried out at Coimbatore in 1930, by feeding rabbits 
with millet seedlings grown under diiferently manured conditions (Fig. 2) confirm 
the results of earlier experiments, carried out in association with Lieut.-Col. 
McCarrison [1920]. 

PERCENTAGE INCREASE IN WEIGHT OF RABBITS FED WITH 
DIFFERENTLY MANURED RAG! PLANTS 

AUG.~OCT. 1930. 


/• - MIN. GP. 

/ ^NO.SP. 


3 4 5 6 7 

WEEKS. 
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Further confiriimtion of oiar results is forthcoming from elsewhere. 

In an article in Soknce [Anon., 1921], embodying the results of certain nutri- 
tion experiments, it was stated that tie niiiritive value of a crop varied with soil 
conditions. The results of Hunt's [1928] investigations at Ohio University on the 
mfliience of fertilisers on the nutritive value of wheat are in a line with those of 
ours. The latest confirmation is from England by Eolands and Wilkinson [1930], 
who carried out nutrition experiments with the knowledge of Professor Drummond. 
These investigators find that a crop raised with ca.ttle'-diing is very superior in its 
nutritive value to that of the crop raised with artificial fertilisers. 

The evidence so far considered directs pointed attention to certain aspects of 
plant nutrition. The growth and quality of a crop is influenced by the nature of 
the food supplied to the plant, and that deficiencies in this direction would result 
in unbalanced nutrition. Although plants are capable of responding to applica- 
tions of mineral fertilisers, they seem to thrive better in the presence of adequate 
supplies of organic matter. 

The indirect benefits w-hich organic matter confers on plant growth in improv- 
ing the texture and the w^ater-holding capacity of the soil and in providing food 
for soil bacteria are well-known. In addition to these indirect eflects, organic 
matter appears to give the plant a better balanced nutrition and also in providing 
certain nutritional factors which the usual mineral fertilisers either do not provide 
or do so inadequately. 
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SYRPHlDa:. 


BY 
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Amsiant to the Impend Entomologist, Pma. 

(Received for publication on the 26tL May, 1931 .) 

(With Plates LV to LVII.) 

Introduction. 

The family Syrphidae presents various interesting and intricate problems. 
Being one of the largest families of Diptera, the insects belonging to it possess 
diverse habits and habitats, a knowledge of which will repay intensive study of the 
group. 

The larvffi of Syrphidse have been found on plants, in stems of certain plants 
and deriving food from them, predating on soft-bodied insects, such as Aleyrodidso, 
Aphididffi and others, living symbiotically in the nests of Hymenoptera, in decaying 
wood or trees, in the flowing sap of diseased trees, in decaying vegetable and 
animal matter. Yet there are many more, the larval habits of which are very little 
known as yet. 

The present account deals with the hitherto unknown immature stages of three 
species of Syrphidae, viz., Ceria entnenoides, Saund., EelopMhs cuniguster, Macq., 
and Eristalis quinquestriatus, Fabr. 

For references I have consulted freely ‘ Syrphidse of Ohio ’ by C. L. Metcalf 
and the monumental work of Veriall on ‘ British Flies’. 

Lire History of Ceria Eumenoides, Saunders. 

Introduction. 

Ceria eumenoides, Saund. belongs to the Sub-family Cerianse composed of wasp- 
like Syrphids in which the antennae are porrect, long and set upon the produced 
frons ; first posterior cell generally closed ; third vein with a loop below into the 
first posterior cell, the loop usually provided with a small stump of a vein as in the 
Microdontinae ; abdomen elongate, contracted more or less at the base as in wasps, 
and banded yellow. 

The fly was described originally from Northern India. It has been reported 
from Kohat, N. W. Frontier; Matheran, Bombay Presidency, and from Chapra, 
Bihar. This species also occurs at Calcutta and in North Bengal (Saunders). To 
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t&is list of localities 2 ii,ay be added Pusa (Bibar) wliere a gravid .female and a male 
were caiiglit on ISth April and STtb April 1930, respectively, while sitting on tlie 
flowing sap of a Siris {Albizzia lehheh) tree., • 

, The flies have been kno to- breed in the sap of trees. Pa.pa3 have been 
.found, i.n. the ba.i*k and the sap of dead oaks. Verrall in Ms British ^ Flies 
(VoL Till, p, ()65) says : — The, larvae live in the Fap of diseased trees such, as 
Poplars {Fofidus), and in the sappy portions of Ulcers on Elms (Vlmiis) 

Some observations, 

A gravid female was seen at 1p.m. on the 15th April 1930, sitting on the' 
flowing sap of a Sms (Albizzia lehbeh) tree, towards the base of its trunk. For 
about a minute or so it remained there, during wdiich period the fly protruded 
and retracted its very long and segmented, ovipositor twice or thrice after w^hlch 
the fly was netted a.iid brought to the laboratory. In order to determine whether 
the fly could oviposit under laboratory conditions, it was liberated, on the same, 
day at 3 p.m. in a wide-mouthed cage covered with a watch glass. A flat crucible 
containing soft blackish exudation from a Siris (Albizzia lebbek) was placed within 
the jar. The fly “was fed on a sugary syrup placed below a leafy branch of Siris 
in a beaker w^ith water within the jar. The fly when thus confined seemed to be at 
home and did not seem to feel its changed habitat. A few hours after liberation 
it fed on the syrup and was seen briskly flying aboixt, cleaning its wings with the 
hind pair of legs and extruding its segmented ovipositor. 

A single egg was laid at 10 a.m. on the 16th April. No more eggs ' were' laid 
between 10 a.m. and 4 p.m. on the 16th April. Between 4 p.m. of the 16th April 
and 10 A.M. of the 17th April six eggs xvere observed, four on tbe under and upper 
surfaces of the leaves of the twig and two on the sides of the glass cage. In all 
182 eggs were laid during the course of five days. The data bearing on the number 
of eggs laid each day, the dates of different layings and the dates of hatching are 
given below in tabular form 


■ Bate of egg laying 

Nuittber of eggs laid 

Bate ox hatching 

I6tli April 10S9 

17tii April loio, 2 p.m. 

!8ti:i April 1930, 10 A.M. . ■ . 

iitli April 1930, 10 A.M. 

20 th April 1930, 11 a.m. . 

One 

Six 

Forty-five 

1 Sixty . . 

Seventy 

Bid not hatch. 

Four hatched at 10 a.m. on lOth 
April 1930, 

' Tv'/enty-tliree hatched at 10 a.m. on 
20th April 1930. 

Thirty-three hatched at 10 a.m. on 
21st April 1930. 

Twenty-eight hatched at li a.m. on 
:i2ad April 1930. 








Ceria eumenoides, Saunders 

1, The egg X 12; 2, Chorion of the egg highly magnified; 3, Young larva X 12; 4, Full-grown larva X 4, 
5, Wntral view of the head of the full-grown larva X 50; 6, Antenna; 7, Mouth-parts ; 8, Posterior Spiracles of the 
larva X 54 ; 9, The pupa X 4 ; 10, The female adult fiy X 4. 
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Life-History, , 

The egg —(Plate LYI, fig. 1). 

The wIk^h hfid are white, each meapairiiig 1 mm. in length am! nun. 

ill hremllli. li-icii c*gg is imighly cigar-shaped being broader at one end niid 
coirifiaiuljhn^ly liju’i’ovun- at the other. Tlie .margins of the eggs are fireVl}^ crornite. 
The Biiri'ace is sciilptiired with convex ai^eas appearing as sinail tiituirciiilatecl 
pi'oeesses .die.ii seen iiiider a high iiiagiiifi.cation. Each of tliese convex aiea,s 
eiic, loses within it four to five reticulated cells. 

The goHog LfMiKL— (Plate L¥I, fig. 3). 

The eggs hatch in forty-eight to sixty-four- hours after ovipositioii* The young 
larva is white in colour measuring 2*5 mm. in length and. 0*6 mni. in brerdth. Its 
body is sub 'cylindrical ending posteriorly in a chitinous- tube carrying a pair of 
trachea! tubes, ope.iiiiig separately at its. distal e.nd by two posterior stigmata. 
The distal end of tli(3 chitinous tube is provided, with a circlet of barbed hairs. 
The head is large with the oral aperture situated at its aiitero ventral aspect. The 
latter is guarded by a pair of flaps which, by intro vertion and opening out, draw 
into the buccal cavity a current of water. The flaps possess strong recurved Bpine,s. 
Within the flaps or the lips as tliey may conveniently be called, is to be seen the 
striated, iniisoular, iieart-sliaped, chitinous termination of the oesopliagea! frame- 
work enclosing a hard, black chitinous stmcture homologous to the external mouth 
parts of pliytopliagoiis Syrphid larva. It consists of an inverted V-shaped chitinous 
structure the amis of which are bifurcated posteriorly. Each one of the two 
arm^< is thickened in the middle where it is connected wdth the other by a thin 
chitinous transverse piece. 

The segments of the body cannot be clearly distinguished. . Posterior to the, 
head is the prothoracic segment bearing the anterior thoracic -spiracles. After the 
protlioratic segment nine segments are faintly discernible, the last one. follow'ed 
by the chitinous tube. The larva is supplied with six pairs of parapodia which are 
muscular processes from the ventrolateral -parts of the segments. Wi'th the aid 
of the muscular action of the body 'wall they are useful to the larva in crawliim 
through the sap in which it lives., Each’p-arapodiiim is -studded wu'tli three strong, 
recurved spines besides other smalle.r ones. 

Towards the posterior end on the ventral side is the anal aperture. It co.nsists 
of a raised papilla guarded by twelve finger-like processes arranged round it in a 
palmate manner. 

The tracheae are a pair of elastic white tubes strengthened by chitinous rings. 
They are longer than the body. They bend inwards about the middle of the body 
and, extending , as far as thoracic segments, again bend inw^^ardly, after which they 
break up into small branches aerating -the head and the thoracic aegnie,nts. The 
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tracheal tubes are continued separately into tte cbitinoiis tube as mentioned 
aboTo., 

The young krvse when placed in water are in the habit of doubling up their 
bodies thereby suggesting their descent from aquatic forms* The larva, if 
submerged ill water, tries to save itself by raising its tail end into the air. It does 
not feel comfortable when there is much water* Therefore, while breeding, care 
should he taken not to allow them excess of water. 

The larvae are negatively phototropic. Bright light is detrimental to theii 
normal growth. This was observed when young larvm were placed on a slide for 
observation. When maximum light was thrown from condensors placed suitably 
at proper angles, they became restless and began to move about. When subjected 
to strong light for some time, they succumbed to premature death. 

F%tll grown Imva. — (Plate LVI, fig. 4). 

The full grown larva of 0. eumeniodes, Saimrl, is 25 mm. long, 4*5 mm. broad, 
the respiratory tube being 3*5 mm. At the tip of the latter open the posterior 
stigmata as shown in the end view of the respiratory tube (Plate LVI, fig. 8). The 
larva is soft, brownish-yellow in colour, suh- cylindrical, with its ventral surface flat. 
In shape it is roughly fusiform, being broader at the anterior end and gradually 
tapering towards the posterior. The head is broad, ornamented by a row of 
papilliform spines on the anterior margin. These spines are believed to be sensory"^' 
in function. The oral aperture, situated on the ventral side of the head, is guarded 
by a pair of well-developed lips which are simultaneously introverted and extruded 
with the muscular movements of the body. The mouth-parts in the adult larva are 
somewhat atrophied. 

The tracheae are a pair of white tubes running throughout the entire length of 
the body of the larva and are seen to open posteriorly into a pair of stigmata which 
are ornamented with a circlet of barbed bristles. The anterior spiracles are situated 
at the summit of the anterior larval respiratory cornua which are a pair of small 
orange-coloured chitinous processes situated one on each side at the junction of the 
head and the prothorax. 

The number of body segments is indistinct. The body is marked by groups of 
transverse folds dorsally and bears on the ventral side six pairs of piolegs which are 
well developed in the adult larva. Judging from the folds and the prolegs one can 
count ten segments excluding the head. This is arrived at by counting six segments 
for the six pairs of prolegs and behind the last segment bearing prolegs there are 

* Buckton, G. B. in Ms book “ The Natural History of Eristalis tenax"% p, 21, says that the 
lar¥sB appear indeed to be cognizant of little more than the single sense of touch and this is mostly 
confined to the region round the blunt projecting tubercles placed on what may be considered as the 
head of the maggot. The rounded parts are tMckly clothed with minute capitate papillge 
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tliree dear eegments and adding to these the prothoracic segment, the total comes to 
ten. Metcalf [1913] says that there are twelve segments in the body of the aplii- 
diphagoiis larv© and. while homologizing the number of segments in the apiiidipliar 
goiis larv© with those that are present in Efistalis larva, supposes two segmc 3 nts for 
the posterior respiratory appendage in ErisfaUs and ten, segments for th(3 rest of 
the body. 

In the larva of (L eimienmdes there axe ten segments excinding the head and 
the posterior respiratory appendage. If we take one segment for the post-re- 
spiratory appendage, as apparently it consists of one segment only, and two for the 
head, the total number of segments in the body of the iarva comes to thirteen 
instead of twelve as in aphidiphagous larvse and that of Emialis, 

The anal aperture is situated on the ventral side at the junction of the eighth 
and the ninth segments. The ninth segment hears a pair of small lateral processes. 
The tenth segment is also provided with a pair of well-developed fleshy processes 
one on each side at the base. 

Spines are not present on the body segments of the larva. They are only seen 
on the prolegs, the lips and the anterior margin of the head. 

Poslerior Stigwhata (Plate LVI, fig. 8).' — The tracheal tubes, although approxi- 
mating along the median line, open by separate apertures. There are only two 
spiracles and not more as in aphidiphagous laivsB. The doisak^' plate of the aphidi- 
phagous larva is absent. Around each spiracle in the end %fiew of the eliitinoiis 
tube there is seen a circular chitinous area which is divided into a large number 
of small parts by radial lacimse emerging from the centre and gowing right up to 
the periphery. Each chitinous circular area is ornamented on the outer side with a 
semi-circular honeycomb-shaped chitinous structure clearly divisible into three parts 
as shown in the figure. 

P‘iifa (Plate LVI, fig. 9).— The larva under lahoratoxy conditions continues to 
grow for about thirteen wrecks after which it pupates. The pupa is dark brown in 
colour, 17 mm. long and 6 mm. broad, the respiratory tube being 2 mm. long. It 
has much the same appearance as the full-grown larva, but for the following few 
characters. The dorsal surface of the pupa is marked by a convexity which is more 
pronounced than in the larva. This convexity of the surface decreases at the tw^o 
ends. The larva, when fully matured and about to pupate, develops small tubercles 
on the body. These are more prominent laterally than on the dorsal surface and 
can easily be seen in the pupa. The corrugations on the body are as in the larva, 
but the segmentation is not distinct. 

To facilitate respiration, each anterior spiracle (there being two anterior spirac- 
les) of the larva is placed pn the top of a small chitinous tube^the anterior larval 
^ For posterior spiracles of aj^hidipliagous larva? see * Syiphida' of Ohio’ by C. L. Metcalf, 1913. 
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respiratory cornu of an orange colour, which makes its way through the pupal skin 

and can be easily seen by the naked eye. The circlet of b.i,rbed bristles surroundino- 

tile posterior stigmata is not visible in tlie pupa. 

The pupal re.spiratory cornua, which in addition to the anterior larval re- 
spiratory cornua help the pupa in respiration, and which can so very well be seen 
in the pupa3 of its aquatic ancestors like those of the Eristalime, are absent They 
are however present in the pup® of Evmefys anripms, Wied., which were found at 
Pusa buried in the muck of three-holes of .SVm {Alhizzia lebbeh). Their absence 
m the pup® of Cena eummmdes is not without significance. Probably in nature 

clua’irjustird.'“ 

The small fleshy processes of the ninth and tenth segments of the larva dis- 
appear in the pupa. The anteume and the lips disappear. The parapodia are 
withdrawn, leaving behind them small patches on the ventral surface. 

Zi/e-Cyfe.-The whole life-cycle lasts for sixteen weeks. The egg hatches in 
about fortyeight hours after it is kid. The larva feeds on the fermenting sap of 


Life-history of E. quinquestriatus, Pabricius. 

Introduction. 

The ‘‘rat-tailed” larv® of the various species of Eristdis are common praeti 
eally all over the world. They are inliabitants of dirty drains and are I-nn, ^ f 
ve^ «e,,. e a BaoUo,. h. ,iven „ 

cally all the stage.s of Ensidis tenax, Linn. Since then there have been some more 
contributions to the knowledge of pre-imaginal stages of other species of Eristalis 
The present account is of the life history of E. quwqiwMfiatus, Eabr., which has been 
reported m India horn Kousanie, Kumaon District ; Katmandu, Nepal • Siikna 

Benvaf 1 Calcutta; Jubbulpore; Bangalore and^Madhupur 

BeiigM, It IS also common in Pusa. inpin, 

The larvae of N. quinquestnahs were observed in kr^^e immW« fl • 

“sMat S *’“8 *’>' “'k »' •■.<! tl. wMe of fio ao„Xof“ll4“ 

1930 at^sa. Adult flies were also actively hovering over the refuse in tfle ,1 

looking for a suitable place for ovipositing. The eggs were seen kidin ^ f 

on the .Me. of drain or on a. undelnide of tto™ riTd f 

Mow wotor of *e dmin. Tie fly took about ton minute, to ky7mlro“M0 

0? Auguir w» agejn observed in tio beginning 
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Life-Gyde,-^e wliole life-cycle of E, quinqiiesiHalm, FaBr., occupies 'twenty 
days. Tlie eggs Iiatch witliin t-weiity-foiir hours. The larvae, if properly fed, pupate 
af'fcer ten or twelve days, and a week later the adult emerges. 

Tim Egg (Plate LVII, fig. 1).— Freshly-laid eggs are white, elongated oval in 
outline and truncated at the micropylar end. The chorion is sculptured with 
ioiigitiidiiial rows of ov'oid areas, each one with radiating aimdike, uiiLraiiched 
projections, extending into the spaces between the adjoining areas. 

Fiml of the larva. — The young larvae wure kept in drain wuter, in small shallow 
glass dishes. Small, freshly killed fly maggots, collected from cow-dung, were found 
suitable as food for 'the young larvcO. The food was changed on alternate days, 
xis the larvie grew in size they were transferred to bigger glass dishes. The tiill- 
grown larvie were found greedily devouring the fly maggots supplied to them 
as food. 

Adidt Larva (Plate LVII, fig. 4).— The body of the full-grown larva of E. quhir 
questriatus is 15 mm. long, 3*5 to 4 mm. broad and 3 mm., high. The tail is 
35 to 40 mm. in length when fully extended. The colour of the larva is light grey. 

The head' bears sensory spines on its anterior margin. ' The antennae arise 
below^ the anterior margin. Each antenna is bifurcated sub-apically, the inner bifur- 
cation coiB'posed of two segments. The oral aperture, which is ventral in position, 
is guarded by a pair of lips, which by the aid of muscles cause a widening of the 
aperture thereby drawing in a current of water along with the organisms on which 
the larva preys. The lips have short, thick, conical spines on them. 

Within the lips is found a hood-like chitinous termination of the o:Jsophageal 
framework, which can be easily seen in a mounted specimen of the larva. Contained 
wdthin the frame wmrk axe a nuinbeii of black, chitinized, hard stiucrures, homolo- 
gous to the external mouth parts of the aphidophagous larva. 

The tracliesB form a pair of chitinous white tubes oj)ening anteriorly by the 
anterior spiracles, situated on the summit of the anterior larval respiratory cornua, 
w^hich, in the full-grown larva, are seen protruding laterally at the junction of the 

head and the thorax. The tracheal trunks are united in the anteiior 

transverse loop. The posterior stigmata are placed at the end of the long tail, 
which is a highly specialized organ, enabling the larva to fW at various depths 
wdthoiit coming to the surface for respiration. The tail, which is concolorous with 

the body, is composed of three segments of different diameter, the basal one, which 
is a continuation of the last body segment, longer than the following two segments. 
The last segment, which bears the posterior stigmata, is armed with six barbed 
bristles ; it can be telescoped within the second segment. 


510 


INDIAN JOUBNAIi OF AGBIOTOTUBAL SCIENCE 


[ I, IV. 


.The number of segmeiats ia the body is rather iadistiiict. Dorsally the body is 
segnientcid into groups of folds. On the ventral side there are six pairs of parapodia. 
Behind the segment bearing the last pair of parapodia, there is a clear segment 
bearing the amis, and before the segment bearing the first pair of prolegs, there is 
the prothoracic segment in front of which is the head consisting apparently of two 
segments. Thus in all there are ten segments excluding the tail, and if we suppose 
two segments for the tail, (the basal segment of the tail being only a continuation 
of the last body segment need not be counted as a segment), the number of segments 
in the body of larva comes to twelve. 

The anus, as mentioned above, is situated on the ventral side of the tenth seg- 
ment at the base of the tail It is provided with ten long digitate processes, which 
ate extensile along with the muscular action of the body. Their function seems to 
be renal and this view is supported by Buckton [1895]. 

Piip:i (Plate LVII, fig. 5).— The larvae when fullgrown become very sluggish and 
stick to the glass cage and simulate death. They try to avoid water and prefer 
going towards slightly moist and soft soil where they find a suitable place to pupate. 
The maggot retracts its legs and lips, the soft skin of the larva becomes tough, the 
anterior larval spiracular cornua stand out of the larval skin and thus, with these 
preliminary changes, the larva pupates. 

The pupa is 9*5 mm. long, 3*5 mm. broad and 3*2 mm. high ; the tail being 
18 mm* It is yellowish-brown in colour, with a convex and wrinkled dorsal and a 
flat ventral surface, much the same as in larval stage, Ventrally six pairs of para- 
podia appear as shown by their recurved spines. Dorsally the surface slopes from 
the fourth segment towards the anal end. The two anterior larval respiratory 
cornua appear at the junction of the second and third segments. Bach one is dirty 
yellow measuring 0*7 mm. The two black pupal respiratory cornua (Fig. 6), each 
2 mm. long, are situated a segment behind the anterior larval respiratory cornua. 
The whole of the surface of each cornu is studded with small tubercles, each one re- 
presenting a small spiracle through which the exchange of gases takes place. 

The anus, together with the digitate papillse, is well seen on the ventral side 
at the base of the tail. The bristles on the posterior spiracles at the tail end 
disappear. 

Life-History op Hblophxlus curvigaster, Magquart. 

Hehphilm eurvigaster, Macq., described in DipL ExoL II, ii. p. 62, PL II, 
fig. 1. (1842), and by de Meijere, Bijd. tot, DiefL,p,99 (1904) and in Tijds,, 
LI, p. 232 (1908), was collected at Darjiling in 1904. Since then it has 
hardly been recorded from any other locality. At Pusa the fly is seen during the 
beginning of August and it was only recently that its life-history was worked out. 
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Oviposition.—FoT oviposition the fly prefers to oviposit in tree-holes full of 
decomposing vegetable matter. A gravid female was twice observed to enter 
the tree-hole and lay eggs. The process of egg-laying occupies from about ten 
to twenty minutes. The eggs are laid in a mass, but owing to the presence of 
some watery fermenting fluid it splits up into small masses. The small masses 
were collected during the first week of August and brought to the laboratory 
for rearing. 

Lij^e-Oyole — The whole life-cycle occupies about five weeks. The eggs hatch 

from about twenty-four to thirty-six hours after they are laid. The larv® grow 
for about twenty-five days after which they pupate. For pupation the larvae prefer 
moist saw-dust to moist soil. The pupal stage lasts for about eight days after 

which the fly comes out. i i t -ui. 

The egg (Plate LVIII, fig. 1).— Freshly-laid eggs are creamy-white with a light 

orange tinge, small, each measuring 1 mm. in length and O'SS mm. in breadth. 
The egg is rounded at both ends with a micropylar knob at one end. The chorion 
is finely sculptured all over, by rows of small linear areas, each one supplied with a 
long ohitinous marking branching in a spiral manner, the branches bifurcatmg at 
their ends. 

Fooi of the Larva.— Fox rearing, small petri dishes were used. These were tilled 
with the muck from which the eggs were collected. But it was found that the 
larvae failed to thrive in the medium. They were then kept in a medium consisting 
of the fermented exudation from a diseased tree and freshly-killed fly-maggots. 
In this medium they throve and the larvae were observed to devour the maggots 
with avidity and to grow, so much so that after twenty-four hours there was a 
marked increase in their size. They were kept on this food till they had become 
full-grown. 

Ymng Larva (Plate LVIII, fig. 3).— The body of the larva much resembles that 
of Erislalis. The tail is white and longer than the body. Colour of the larva pale 
yellow. The first segment of the tail is very long, second shorter than the first, and 
the last still shorter and darker. At the end the tail is provided with eight 
barbed bristles. The tracheae opening at the end of the tail by the posterior 
stigmata are continued forwards showing a backward bend in the posterior third 
of the body. Anteriorly they show an inward bend between the third and the 
fourth segments and break up into capiUaries supplying the head and the mouth 
parts. The anterior spiracles at which the tracheae open are prominent in the 
young larva, which, at the time of description, measured about 3-75 mm. in length 
and 0'6 mm. in breadth. 

Full-grown Larva (Plate LVIII, fig. 4). — The adult larva is 15 mm. in length, 
3-73 mm. in breadth, the tail being 30 mm. The body of the larva, as in Eristalis, 
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' is convex dorsally, flat ventrally, the flat ventral surface fonning a sort of creeping 
' sole which is useful to the larva in crawling through the femaenting wood in which 
the larva lives. The dorsal surface is differentiated , from the ventral one by a 
groove laterally. The body and the tail are marted by bifid liairs on the sides. 
The ' mouth,' guarded by a pair of lips, provided wdth brown recurved spines, is 
situated on. the aiitero-ventral aspect of the head, which is follow^ed by, a legless 
prothoracic segment. The anus, situated at the base of the tail, is provided with 
ten digitate piDCesses, just as in the larva of EnsUMs. The soft skin of the body 
.is wrinkled and , hence the number of segments of which, the body is com,posed is 
not distinct. . Ventrally there are six. pairs of prolegs folIowi,ng the prothoracic. 
segment, cacli provided with brownish recurved spines. Counting six, segments 
for the six pairs of prolegs, one for the segment following the last pair of prolegs 
bearing the anus., another for the prothoracic segment, two for the head and two „ 
for the tail, the total number comes to tw'eive as in Eriskdis larva' from which 
it differs in colour of the body and the la&t segment of the tail. 

The body is of a light brown colour ; the .first seg,nieiit of the tail, which is a 
continuation of the last body-segment, is also of a light browm colour, the second 
lighter except at times when the last segment of the tail is telescoped within it, 
in which case it is black within and pale brown outside. The kst segment of the 
tail is black (not so in the larva of ErisUdis), the tip light brown and armed with 
eight pale-yellow barbed bristles. It is the black colour of the tracheal tubes 
contained within the last segment of the tail that accounts for the black colour 
of this segment. The light-browm anterior larval respiratory cornu is seen througb 
the translucent skin. 

Pupa (Plate LVIII, fig. 6). — The larva, after feeding on decaying wood for 
twenty-five days, readily pupates in mois't saw-dust. The pupa is 22*5 mm. in 
length, 5 mm. in breadth, and 4 mm. in height. The tail is 12 mm. long. The 
dorsal surface of the pupa is more convex tha,ii that of the larva a.n,d is of a 
chocolate colour tinged at places with orange. The ventral surface, flattened 
as in the larva, is light yellowish-orange. The body is marked on each, side by 
a double mw of small tubercles, the two rows separated by a depression on the 
surface on each side. The dorsal surface is wrinkled and on the fourth segment, 
at about one -fifth the length of the body from the anterior end, there is a crest, 
on both sides of which the body slopes towards the two ends. The pupal res- 
piratory cornua, which first make their appjearance as a pair of small processes 
forty -eight hours after the larva has pupated, are situated at about this place ; 
they are black, cylindrical, hollow, chitinoiis rods, each one millimeter in length ; 
the basal half of each is glossy and devoid of spiracles, the rest ornamented with 
small tubercles each bearing a small spiracle as shown in fig. 7. 
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AdiiU Fly.— The desciiption of the female of HehpMkis cmwigmler^ Macq,, 
recorded in the Fmm of British India Bmnetti (1923), is in fact that of tie male 
and hence a description of the female fly is necessary* 

Head. — Eyes bare, more widely separated below than at the top* Veitex black 
with black hairs* Fions and face shining Mack with yellowish dust at the sides 
above and white pubescence below. Tubercle Mack, not veiy piciiniiient. An- 
termaj brownish black, arista tawny, tip black. 

T/^omir.—Dorsum blacks the transverse band of grey pubescence only becomes' 
distinct four hours after the adult emerges frcm the pupa case. Scutellum testa- 
ceous with fine white hairs fringing the margin. 

Abdomen,— GuTYed underneath towards the tip, gr ound coloiii of the first four 
segments light brown, second, third, and foiiith segin,eiits, each with two b]a,ck 
transverse bands, one at the base and the other at the posterior border, tlie bands 
rinitexi except in the first segment ; filth segment 

Legs, ~Fom and mid femora light brown, distal ’foitioiis black .alo've, hind 
femora orange, incrassated, distal joition with a black ring just befo,ie the middle ; 
a black basal spot on the inner side of all the fimoia a large light brown obtuse 
prominence at the base of the hind femur ; tibiae black, the hind tibiae curved and 
truncated at the distal end ; tarsi light blown, pulvilli light yellowr, claws Mack, 
Wings . — Clear ; a light yellow streak betw'een the auxiliary and subcostal veins. 
Lengths —11 mm. ; of wing, 8 mm. 
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ABSTRACTS 

Annual report o! the Hmawbi Agricultural Station for the year ended 

31st March 1980. 

(1) m paddy. — The results of an experiment commenced in 1925 and concluded this 
year show that altlioiigh a considerable increase in grain can be obtained, no monetary profit accrues. 
There is a strong residual effect, and even this year, the fourth residual, the largest applicaticn (SO lbs. 
N) showed a significant increase of 12*7 per cent. 

(2) Bom-meal on paddy, — ^The results of an experiment commenced in 1924 and concluded this 
year, to test the efficacy of bone-meal in conjunction with ammonium sulphate applied that year, show 
that although a considerable increase in grain can be obtained no monetary profit accrues, the phos- 
phate in the bone-meal being too slow acting. The residual effect api'earcd lo he exliaustf d in. this, 
the fifth residual year. 

(5) Basic dag on paddy, — The results of an experiment commenced in 1924 and concluded this 
j/ear, to test the efficacy of basic slag in conjunction with ammonium sulphate applied in that year, 
siiow that although a considerable increase in grain can be obtained no rnoiietary profit accjues, tlie 
phosphate In the basic slag being too slow acting. The residual effect appeared to be exhausted in 
this, the fifth residual year. 

(4) Potash on paddy, — ^The results of an experiment commenced in 1927 and concluded this }ear 
(1931) prove conclusively that the addition of potassium sulphate to a cempeund smmonium- 
phosphatic fertiliser gives no increase in yield. This is the general experience in Burma on paddy 
soils, 

{5) Besidual effect of ferUUsers on paddy, — Several experiments with compound ammonium- 
phosphatio fertilisers indicate that, for the lower applications up to 100 lbs.» the residual effect is 
exhausted in the second residual year, while applications of 200 and 300 lbs. continue to show con- 
siderable effect even in the third residual year. Again, the phosphatic content of the fertiliser 
largely determines the residual effect but economically it is found that the fertilisers with the larger 
proportion of N to P2O5 {e,g., 20- 20 grades) giving a more immediate return are more likely to be 
profitable to cultivators and that at the lower rates of ap|>lication 50 — 100 lbs. per acre). 

[5. KB.]. 

Annual report of the Myaungmya Agricultural Station for the year ended 

81st March 1930. 

(6) Besidnal effect of fertilisers on paddy,--- Ammophos 20-20 and ’ Biammonphos 20-53 applied 
at the rate of 100 lbs. per acre in previous year show an insignificant increase and a significant 
increase of 16*3 per cent, respectively in first residual year. This is more or less in agreement with 
results obtained elsewhere and confirms the belief that it is the phosphatic content of the fertiliser 
which largely determines the residual effect. [H. K B.]. 

Annual report of the Mahlaing Agricultural Station for the year ended 

31st March 1930. 

{7} Groundnut Spacing Trials, — ^As a result of four years’ tests it has been concluded that the 
optimum spacing for (1) Erect and (2) Spreading Varieties are respectively (1) IS'' between the drills 
and (2) 24" between rows and 18" in the rows. [H. E. B.]. 
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Preparatory Tillage— A rewiew of experiments in the Bomlay Pmsiimey, 

H. M. Desai, Poonu Agrie, Coll, Mag. 23, 127-135 (1930), 

With a brief description of the soils, the crops and the methods of the preparatory tillage in common 
vogue in each of the distinct divisions of the Bombay Presidency, the results of any experimental work 
carried out in each division are suinmarised. They generally indicate that attempts at better prepara- 
tory tillage (he., deeper stirring or exposing the soil in the hot weather or its inveraion obtainable by 
deeper penetrating or inverting ploughs) than that secured by the common methods of harrowing or 
shallow non-inverting ploughs, have not given much benefit, except in localities in which the amount 
of rainfall and its distribution are indifferent. The conclusions drawn by the author from his review 
of his data contain the following note-worthy jpoints : — ■ 

(1) The quality of tillage varies inversely as the amount and distribution of rainfall. 

(2) The bullock |)ower available, in the tracts of the Bombay Presidency, in which the amount 

and distribution of rainfall indicate an advantage for better tillage, has howe ver greatly 
limited the XJi'acticability of the latter [V. G. G.] 

Consumption of gul and sugar in rural and urban areas. D. L. SAHASEABUDiiE. 
Poona Agrie. Coll. Mag. 23, No. 2 (1930). 

It is observed that during the last 20 3 ^ears the consumption of sugar is on the increase. In order 
to ascertain the likely cause, an enquiry was made in Poona and its surrounding villages to find out 
the quantities of gul and sugar consumed by people in the rural areas and by the various classes in the 
city. Figures for 9 villages were collected. The total population of these is 11,125. Their aimual 
consumption of gul is 65,100 pounds or 5-6 pounds per head, while their consumption of sugar is '/2,V10 
pounds or 6‘ 4 pounds per head. The proportion of gul to sugar is 1 : 1T4. Figures for the city were 
obtained from families of varying standards of life and from boarding Bouses for boys and girls of the 
middle and poor classes. Only in the case of a few rich families gul has been displaced by sugar. 
Where tea is not consumed the quantity of sugar is onty one-third that of gul. The quantity of gul 
used per head varies from 12 to 24 pounds per j'ear. The quantitj^ of sugar used tea-taking popula- 
tion varies from 21 to 57 pounds per head per year. Their proportion of gul to sugar varies from 1: 1*6 
to 1:3-4. [G.L.S.]. 

The wheat species : A cacitique. A. E. Watkins. J our. of Genetics. 28, 

No. 2, pp. 173-263 (1930). 

The author gives a critical review of the origin, variations and genetic relationship of the wheat 
species, and of their behaviour when crossed. The differentiation of the species into three distinct 
groups, characterised by 14, 28 and 42 chromosome number is first discussed and it is pointed out 
that there is a definite association between the chromosome number of a wheat plant and its characters. 
The range of variation within each group is dealt with and it is stated that most characters vary in 
similar fashion within both the second (28 chromosome) and third (42 chromosome) groups — a point 
well exemplified by Vavilov’s Law of Homologous Series in Variation The author sums up by 
saying that the wheat species fall into three clearly defined groups, each with a different chromosome 
number and that the chromosome number of any wheat form can be told from inspection. But 
though it is difficult to find any one character by which the 2nd and 3rd group, in particular, can be 
distinguished, separation is possible by the fact that some characters are found only in certain forms 
.o^ one or th® other group ; secondly, that though some characters vaiy within both groups, the two 
extremes of variation are either entirely confined to or are found most often in, different gi*oups and 
lastly, that the way in which characters are combined may be different. 

The division of the three groups into species is next discussed. The first group contains only two 
species of which monococcum is considered to be the nxost primitive cultivated wheat. In passing 
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from tliB s|>ec:ies of the first to the second groiip, a sinmber of new characters appear and with them a 
much greater diversity. The species of the 2nd gi'onp are connected with one another by transitional 
forms and when crossed with one another give fully fertile hybrids. The species of the 3rd groiij) are 
easily defined and there is no disagreement, as to their, lim.its Jliffeiences between them are small 
and when crossed they give fully fertile hybrids, apparently showing simple Mendelian segregation. 

The possible effects of natural crossing and selection in evolution and geographical distribution of 
wheat are considered at some length and the origin of the genu,s is. discussed from the standpoint of 
three modem theories : Percival’s (1921) theory, founded on systematic data, (2) Vavilov s conclusion 
{1920) from his work on geographical distribution, (3) Wiiige’s (1917) theoiy of the origin of polyploid 
series. The author considers it very striking that different centres should have been found for the 14, 
28 and 42 chromosome forms and alludes to the probability of the origin of T. viilgare by doubling 
of the chroinosome number in a hybrid between Aegilops and one of the Einmer wheats. 

It is pointed out that except in the case of the first group wdth the other two, all wheats can be 
crossed easily, giving fertile hybrids if they are of the same chromosome number and a partially 
sterile hybrid if they differ in this respect. Description of the nuclear behaviour (with figures) is 
given for crosses of the 42 x28 chromosome wheats in which a regular number of 14 bivalents and 7 
univalents appear ; for crosses of the 28 X 14 chromosome wheats in which the number of bivalents 
foaiid is varial)le and usually less than 7, and for crosses of the 42 X 14 chromosome wheats with 0-5 
bivalents. The cytology and significance of the various Aegilops and Triticum hybrids is discussed in 
some detail. 

Chromosome behaviour and sterility in pentaploid wheat hybrids are next discussed and a 
relerence is made to the various factors of sterility which influence the loss of the intermediate chromo- 
some numbers, m$!.f grain germination and the effect of extra o*hromosomes on the endosperm, failure 
to set grain through the egg-cells failing to become fertilised by their own pollen, egg-cells becoming 
non-functional, the abortion of the embryo, elimination of zygotes, pollen sterility with eiiminotion 
of grains with chromosome numbers below 21, a possible loss of univalents at reduction in the female 
than occurs in the male, and irregular segregation of univalents in the female. 

The association of chromosome number with single characters and the association between 
chromosome number and the way in which characters are combined in the pentajiloid wheat hybrids 
are considered in detail. The danger of eiTors, unless the greatest care is taken over classification, 
is pointed out in working out the inheritance of types rather than of single characters in species 
crosses. The results of inheritance study in a number of specues crosses are given and It is concluded 
that (Ij some characters, such as hollow straw and resistance, are usually associated with a high or 
low chi’omoS(3me number while others are easily transfeiTed from one species to another ; (2) new 
characters api>ear, and there is a general t^endenoy for variation to exceed the limits set by the 
parents ; (3) many characters segregate in linked groups — ^these groups are probably determined by 
groups of factors ,* (4) there is a definite association between chromosome number and type, i.e., combi- 
nation of characters. Ail the.se facts evidently agree with the view that tfie tetraj)loid and hexaploid 
series carry respectively 2 and 3 similar series of factors. The speltoid mutants are discussed in 
relation to-Winge’s theory that they arise from the irregular pairing of chromosomes at reduction ; 
thus giving a rearrangement of the existing geneticai material, gametes ABB and ACC being produced 
instead of ABO, with the subsequent formation of 41, 42 and 43 ciiromosome forms, Reference is 
made in this eoiineotion to Nilsson-Ehle’s theory of factor mutation and to the valuable data by 
Lindhard (1922, 1923), 

In the study of inheritance in crosses between tetraploid wheats, the phenomenon of ‘ shift ’ is 
discussed with reference to Darlington’s (1921) explanation that autosyndesis occurs in cojmoction 
with some of the chromosomes carrying modifying factors, and Malinowski’s (1926) explanation of 
linkage between two chromosomes. 

The cumulative factor theory of Nilsson-Ehle is next considered and it is pointed out that It 
Is specially applicable in the ease of hexaploid species. 
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III tlie concluding remarks, it is pointed out that hybridisation is the most ^plausible explanation 
for tiie origin of tho teferajdoid and hexaploid wheats. In. the origin of liexaploids, fi’oin a cr< >ss beiai'ceii 
a tetrft-idoid wheat and Aegilopa ovata or A, cylindrical certain difficulties are pointed out. Eef<3i‘ence 
is made to tlie effect of recombination of characters followed by selection on the origin of variations 
•witliin the group. There is good ground for sii|)posing that many features of the genus are tlie outcome 
of its polyploid nature. (D. H. M ) 

Perennial Rye-Grass Strain Investigation. Single-plant trials at the Plant Research 
Station, Palmerston North. B. B. Levy and W. Davies. Nm Zealand Jom. of 
J^ne. 41, No. 3, pp. 147-163. 

Perennial rye-grass shows variation in growth-form from very lax and spindly to very dense and 
bushy. The latter produce more leafy growth and give a much higher total yield spread out over a 
longer growing season, and are, therefore, more suitable for pastures. 

The method followed for the improvement of this grass consists of a three-foM test — ^the broad- 
cast plot, spaced plant trials of single plan plants and the final test in the field under ordinary 
conditions. 

The present article deals with tho second phase of the trials, viz,, the single-plant study. 

The whole of the lines sown out in the broadcast were classified according to type defined by 
eye-differences in the seedling stages. From the chosen lines, single plants were dug up at random and 
planted out as spaced jilants in rows 2 ft. apart in the row and 2 ft. between each row. Five rows of 
20 single |>lants per row constituted a plot of each line under test. A known type of English indi- 
genous rye-gi.*ass, planted between every other plot contiguous to each line, was used as a control in 
these experiments. 

These trials showed that eye differences in the broadcast were essentially duo to differences in 
the nature of the individuals that made up that line and that not only do the individuals vary between 
lot and lot, but marked variation exists among the individuals of any one single lot. In the one lot 
the type may be dominantly true perennial, true Italian or false perennial. 

Tho single plant analysis emphasizes the mixed nature of the ordinary New Zealand commercial 
types that exist to-day—a variety of growth-forms being observed in each. This study also shows 
the marked state of deterioration that New Zealand commercial rye-grass has come to by years of 
iiaphazard, unguided seed production. As a result of continuous reaping and sowing, the leafy shy- 
seeding true perennials are in danger of being suppressed. 

The ideal growth-form for conditions in New Zealand, should be like the fine-leaved, dense- 
crowned, muiti-tillered form observed in the single-plant study of a jffawke’s Bay line lTy|>e 1). It is 
obvious, however, that from the mixed material, it would be a hopeless task to try to breed up to any- 
thing approaching genetic purity and that, therefore, it is better to go straight to the Hawke’s Bay 
product and start on material that at least has not undergone hybridization and deterioration to the 
extent of commercial rye-grass from the South. 

The English indigenous type used as control in these experiments, also showed variations in 
growth-forms and flowering — indicating that perennial rye-grass even from old-established swards may 
contain many undesirable tyjies that have to be eliminated in elite-strain building. 

The single -plant studies have definitely shown that there is a very direct relation between the 
density of the plant and its ability to withstand repeated defoliation. They have also demonstrated 
that the dense leafy types are much more resistant to disease than the stalky open-crowned forms. 

This means that in the breeding of pasture-plants, one may be able to employ simple diagnostic 
characters in the selection of forms of greater economic value to serve as parent material in the pro- 
duction of improved and elite strains. 

In economic grassland production, therefore, The importance of strains within the species, must 
not be lost sight of. (I>. N. Mri, 

i'2" 
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The use ol seSed seed in maintaining the parity of improved cottons. — 6. L. 

Kottue. Agrie. J, India 25, pp. 39-41. 

Tlie' aiitlior describes tiie system' wliereby tlie pure cottons Biiarwar I (an improved Knmpta 
cotton) and Gadag I” (an improved Biiarwar- American cotton) are spread in a pure state over 
200,000 acres. The piant-hreeder produces the original supply of pure seed economically by fixing 
wire rings on the buds to be selfed. One woman can self 1,000 buds in one morning. T’rom this selfed 
seed 6,000 to 9,000 lbs, pure seed is raised on tlie Biiarwar Government Farm and is then distributed to 
selected growers for farther multiplication. This seed is collected and ginned under departmental 
supervision and cotton sale societies take care of its sale. The department rogues the fields, and the 
number of rogues Is more than 6 per cent. ,(W. B.) 

Influence of bagging on oil percentage in castor. G. B. Patwasdhan. Powta 

Agrie. Coll. Mag. 22 (1913). 

47 samples of seed from bagged inflorescences were compared by analysis for, oil-content, against ■ 
47 samples from unbagged inflorescences (each bagged sample against the unbagged cue frcm tbc same 
tree) and the results treated statistically. The result Is that bagging does net significantly affect the 
oil-co. , {.W. B.) 

Belation of bloom on castor leayas with JassM attack, G. B. Patwaedhan. 

Poona Agrie. Coll. Mag. 22, 14-16. 

Observations of 1,000 castor plants in one season indicate that bloom is a protection against 
^mBl6.B('Bn^omcajiaveBcem), (W. B.) 

The gfaiB-shedflmg character in rice plants and its impcrfance. B. Q. Bhalebao. 

, Agrie, Res. Inst, Pusa,^ Bull, No. 205 of 1930, pp, 1-36. 

This is an account of a serious difficulty that besell rice-growers in the Belgaum, Bharw'ar and 
Kanara Districts of the Bombay Presidency. Wild rice grows freely round tanha and has the 
apparently primitive character of grain-shedding. The author confirms wdiat w^as previously pointed 
out by Watt that this shedding is due to a mechanically feeble arrangement for attaching the grain to 
the rachilla. This character is apparently hereditary and can be transferred to cultivated rices by 
crossing, and this has already happened to such an extent that cultivators have coined the term gomg 
for rices growing in cultivation and simulating cultivated rice, but possessing this evil Quality, he 
author records the progeny for three generations of such gomgs and shows that they split for several 
characters, including grain shedding, and that non-shedding types esn be isolated from them. 

The- author does not appear to have actually made any crosses betw^een wild and cultivated rice. 

As meftods of control the author recommends the destruction of wild rice In tanks and 
modifications in cultivation such. as rotations or transplanting (the rice on the area being all, driiled), 
and the provision of a pui’e seed supply. (W, B.) 

Production of alcohol from the spent mohwra Bassia latifolia flowers. D. L. 

Sahasrabuehe and V. G. Patwardhan. Poona Agrie. Coll. Mag. 22, No. 1, 
July 1930. 

Sohwra flowers are used in large quantities in several Indian distilleries and the spent flowers 
are generally thrown away as a -waste. One of the experiments tried by the authors was to convert 
the eaibohydrates of the spent flowers into fermentable sugars for the production of alcohol. ■ 
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Tlie speat flowers were subjected to various treatmeats aad the extracts were lermeated at Khanapiir 
(Belgaum District) ia the Goverameat Distillery. As a final result it was found that when the spent 
Mohwra flowers are heated under three atmospheric pressures for four hours with twentieth normai 
sulphuric acid and pressed, the extract obtained contains fermentable sugars. This extract though 
acid need not be neutralised. It can be safely added to the usual saccharine extract from original 
flowers. The mixture ferments well and the yield of alcohol shows that all the sugars in the 
extract from the spent flowers are turned into alcohol. (D. L. S.) 

Soils ol the Bombay Presidency. D. L. Sahasrabudhe. Botnbay Agric. Dept. 

Bull. No. 160 (1929). 

The soils of the Bombay Presidency as a whole are considered from ^the point of view of the 
geological formations and the climatological conditions. The nature of the constituents of the soils 
as shown by their chemical and mechanical analysis and their relation to crops are described in a 
general way. Alkali soils developed along the irrigation canals, Icarl or infertile soils of the Karnatic, 
md7iat or sticky clayey soils of the north Konkan, morih or acid soils of the south Konkan are each 
separately dealt with. Soils are then considered district by district. Important and typical soils of 
each district are mentioned with their chemical and mechanical constituents. The #»nalyticai figures 
represent a very large number of samples of each type of soil. The details given include the extent 
of the area occupied by each soil, its geographical position, its fertility, relation to crops, etc. There 
are two maps given, one showing the rainfall and another showing the geological formations of the 
presidency. These two maps are very useful in understanding the situation and the exact conditions 
under which the different soils have been formed. (D. L. S.) 

Cattle feeds of Western India. D, L. Sahasrabudhe, Bombay Agric. Dept. Bull. 

No. 161 (1930). 

Principles of cattle feeding are dealt with in a general way, discussing the relation of the food 
constituents to the body of the animal. This is followed by the discussion of the digestibility of the 
various types of foodstuffs, their quantities necessary for the cattle, importance of mixed proteids, 
vitamins, bulk of the food and so on. The bulletin is chiefly devoted to the concentrates used in the 
Bombay Presidency. They include oil-cakes, oil-seeds, grains, by-products of grains like the brans, 
husks, polish, etc., and also leaves, stems, and roots of special value. In each case variations in the 
composition as found in a large number of samples are given along with the composition of typical 
samples. The properties of the various cattle feeds are also discussed in short. At the end analyti- 
cal figures are given for some of the important types of silages in the Bombay Presidency such as 
those from maize, jowar, sugar cane tops and grasses. (D. L. S.) 

Manufacture of lime juice and its economic value. V. H. Kubkabm. Poona 
Agric. CoU. Mag. 12, pp. 88-92 (1930). 

Dime products valued at Rs. 14,000 were imported into India in 1920. The poor status of the 
lime industry is attributed to the growers* lack of knowledge of fruit preservation. 

The preparation of lime products other than juice needs much capital and technical knowledge 
while the equipment required for preparing juice is simple costing Bs. 350, and can be made locally. 
It consists of j— 

1. A simple lever press mounted on a stool, 

2. Glass containers and crown bottles. 

3. ' Felt bags. 

4. Pasteurizer, 
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5. Bottle capping macliiiae. 

6. lliermometer. 

Ttic picssed otit juice is clarified by nattira! sedimentation for 1 5 days, then syplioned out and 
fnrtiier clarified by passing throngh felt bags. Ibe previously sterilrzed bottles are then filled and 
cap|ied. , Tiiej are tlien placed in tbe pasteurizer for 30 mirmtes at55®C. and later stored in a coo! 
place. 

Juice enougli for 88, 12-oz. bottles is extracted per day at a cost of Of annas a bottle wMoh sells 
at 10 annas. A season’s work brings a profit of its, 8,333. (G. B. P.) 

The mango hoppers and mildew and their control. P. V. Wagle. Poona Agrio. 
Goll. Mag. 21, pp. 170-173 (1929). 

An account is given of the experiments in tfie control of mango mildew and jassid hoppers 
{IntUocenm mveospatsus, 1. dypealis, and /, athinsoni) made by the writer at Ratnagiri. Brief notes 
on the life-histories of the two pests are also given. 

A number of fungicides and insecticides were tested ; but the results on four (named) of them are 
discussed* Blsh-oil-rosin soap jjroved ineffective against powdery mildew and hoppers. Bordeaux 
mixliire 5-5-50 gave satisfactory I’esults ; but four to five applications W'ere necessary for effective 
control. Sulphur dust alone and in combination with calcium cyanide “ A ’* in the proportion of 6 
parts of sulphur to 1 part of cyanide, gave the best results in control. Two applications of sulphur 
are necessary for effective control, the first application to be made just after flow^ering and the second 
a fortnight later. If, however, hoppers still appear on the dusted trees, a third application of sulphur- 
cyanide mixture ( 6—1 ) may be made. At a cost of Rs. 2 per tree for the treatment, a normal yield 
of mangoes can he secured, resulting in a net profit of Rs. 6 per dusted tree. (B. JST, U.) 

Powdery mildew of the grape and its control in Bombay. B. N. Uppal, 6. S. 
Cheema, and M. N. Kajiat. Botnbay Agnc. Dept. Bull. 163, 1-30. (1930). 

An account is given of the investigations into the jihenologieal relations and control of Umimiia 
iiemtm' made by the authors in Bombay, from 1926 to 1930. Notes on the disease and the casual 
organism are also given. 

The fungus can gi’ow within a temperature range of 50 to and in the atmospheric liumidity 

of 40 to 95 per cent. Precipitation adversely affects the disease ; cloudiness directly influences it. 

Sulphur dust gave the most effective control of mildew ; Bordeaux mixture and B. B. P. dust failed 
to do so. Sulphur did not scald or stain the fruit, and also hastened its ripening. Three applications 
Were fully effective, and required from 75 to 85 pounds per acre. The cost of the treatment was 
Bs. 8-8-0 per acre. Crank dusters were more efficient than those of the bellows type. Adulteration 
of sulphur was tried with several (named) substances, and was not found to impair its effectiveness up 
to 20 per cent, of the weight of free sulphur in the mixture. In Bombay Bordeaux mixture spraying 
can be dispensed with during the fruiting season ; but if vines are pruned out in September, one 
application in October will prove useful in checking anthracnose or downy mildew. (B. N. U.) 
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Maize in SoEth Africa. By A. E. Saunbees. (South African Agricultural Series, 
ToL 7.) Pp. 284+72 plates. {Johannesburg : Central News Agency, Ltd., 1931.) 
2ls. net. 

This book is number seven of the South African Agricultural Series. These 
text-books seem to be well written and form an authoritative collection relating to, 
ag,ricultural conditions in South Africa, written by leading authorities in their 
respective subjects. The book is divided into 13 chapters as follows : — 

1. History. 

2. Statistics. 

3. Climatic Conditions. 

4. Botany of tlie Maize plant. 

5. Sod. 

6. Manuring. 

7. Agricultural practices, 

8. Varieties 

9 & 10. Diseases. 

11. Breeding problems. 

12. utilisation. 

13. Commercial, 

According to official statistics maize in India is a comparatively unimportant 
crop. There are only 3 provinces which cultivate more than a million acres. 
United Provinces and Bihar and Orissa altogether possess about two-thirds of the 
total area under the maize crop. Its importance, however, from a rural economic 
point of view is very much greater than the cultivated area w^oiild lead one to 
assume. It is very generally cultivated in small quantities where irrigation is 
available and the green cobs used as a vegetable. Much botanical work requires to 
be done on maize in India and the present text-book will be read with consider- 
able interest by all concerned with agriculture as a general guide to this important 
crop. 

The section on varieties is of particular interest and it is noted that the bulk of 
the crop in South Africa consists ef white dent and yellow flint types. The flints 
are stronger and hardier but the dents seem to be more suitable for high temperatures. 
In India varieties from South Africa have in some cases proved more promising 
than introductions from the United States. Generally such introductions are found 
to mature later than the indigenous stock. The importance of maize as a silage 
crop is given due weight. Maize silage has revolutionised dairying practice in the 
United States of America and it will undoubtedly be a big factor in this country in 
the development of dairying. 
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The book is well illustrated and forms a most interesting and instructive Manual. 
The language is simple and clear and there is a very complete list of relevant litera- 
ture on the subject. The succeeding volumes of this series will be obsemd with 
interest. If the standard of the present volume is maintained the series will be of 
considerable value to this country, where in some areas the soil and climatic condi- 
tions bear a resemblance to those of South Africa. (G. S. H .) 
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AWAED OF THE MAYNAED-G^AKCA EAM PEIZE. 

In 1926 the late Sir Gangs Ram, Kt., 0. 1. E., BI. V. 0., R. B., Lahore, with 
that generosity for which he is now so well known, handed over to the Punjab 
GoTCrnment a sum of Es. 25,000 for the endowment of a prize of the value of 
Rs. 3,000 to be called the Maynard-Ganga Ram prize and to be awarded every 
three' years, for a discovery, or an invention, or a new practical method which 
will tend to increase agricultural production in the Punjab on a paying basis. The 
competition is open to all throughout the world. Government servants are also 
eligible to compete for it. 

Sixty-four entries were received in competition for the first award of this 
prize. Out of this number, however, only fourteen complied with the conditions 
of award. Four Committees of judges were appointed to examine and report on 
these entries. Their reports were considered finally by the Managing Committee 
of the prize on 3rd March, 1931, when it was decided that the prize should be 
awarded to Dr. 0. A. Barber, Sc. D., 0. 1. B., 294, Gherryiiinton Road, Cambridge, 
for his fundamental discoveries which have resulted in the production of Coimbatore 
seedling canes. These canes have been definitely proved to be much higher 
yielders under Punjab conditions than the old indigenous canes. The area under 
Coimbatore canes in the province is increasing rapidly each year and it is expected 
that they will totally replace indigenous varieties in a few years’ time. 

Applications for the next award should reach the Director of Agriculture, 
Punjab, Lahore, on or before the 31st December, 1932. 


HUMBEET-MAEIB JOSE PEIZE. 

The following regulations for the grant of the Humbert-Marie Jos6 Prize 
have been approved by the Permanent Committee of Institute International 
d’Agriculture, Rome : — 

1. An anmnal prize, which on account of the circumstances under which it 
was endowed, is to be known as Humbert-Marie Jose Prize, is instituted for the 
best work in Agricultural Economics— comprising all problems relating to Economics 

and Agricultiirai Statistics. ^ 

The prize consists oi a gold medal and a sum oi. 10,000 liiahs and' wiE be 
awarded by the, Permanent Committee in all years; according to these regulations. 

The. date (of receipt of work) expires on the 30fch September and the award 
will take place on the 31st December ,1930. 

2. The work of authors belonging to the countries adhering to the Institute 
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and publislicKl ill the colirse of preceding two years will be alone admitted to 
tlie competition. 

■ ?K If any work is piiHished in many parts, tbeii it is admitted as a wbole, at 
tlie period in whicb the final part has been pTibli.shed. ♦ 

4» Anew edition of any W'Ork published previous to the period will not be 
admitted, unless, substantial changes or additions have been made. 

. 5. Work carried out by any member of the Jii.ry will not be admitted to the 
. competitioii, nor any work which has already been submitted to any International 
Oom^etitioii and for which the author has received any prize in cash. 

6. At the close of each period the General Secretary of the Institute, will invite 
the membeis of the Committee for Eiirai Economics and Statistics of the Inter- 
national Council for Scientific A.griciilture of the Institute, as well as of, the 
Committeo^ of Ag,ricultural Economics, to forward 6 copies of work carried out by 
their respective countrymen, wliicli in their opinion deserve to be submitted to 
the International Jury; by reason of their scientific merit. He may, if necessary, 
point out any publications knowm to him which conform to the conditions of the 
competition. 

The members of the International Council of Scientific Agricultiire and of the 
Committee for Agricultural Economics who forward any wDrk for the competition 
should also send with the copies of the work in all important cases, a brief report 
iiidicating the nature and contents of the w^ork as well as their personal apprecia- 
tion of its scientific character. 

Works transmitted directly by the authoi*s to the Institute will be sent by the 
General Secretary to a member of the competent Section of the International 
Cou„.iicil of Scienti.fic Agriculture or of the Committee for AgTicultuial Economics 
for report as mentioned above. 

7. The final judgment in the competition will be given by a Jury composed 
of 5 members consisting of the President of the Institute, and 4 members nomi- 
nated from among the members of the Interiiaiional Council of Scientific Agricul- 
ture and the Committee for Agricultural Economics. The selection will be madf3 
in such a manner that the Jury ' will be composed of men belonging , to 6 difleieiit 
nationalities. Each member of the Jury may have a substitute only of the same 
nationality. 

8. A copy of all the works presented to the competition and of the reports 
accompanying them will be sent to each member of the Jury. The Jury cannot 
examine any other work besides those ojBS.cially sent to them. 
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9. Each member of the Jury after examining the works wi]l draw up Lis order 
of preference and transmit it to the General Secretary. If any work placed at the 
top obtains 3 votes, then the prize is a-warded. If no work obtains 3 votes, the 
General Secretary will draw up a list composed of two works placed at the top of 
the list obtaining the greatest number of votes and send it to the memhers of the 
Jury for a fresh ballot. The result of the second voting will determine the prize. 

^Expiry of the second period for the presentation of work : 30th September 1931 ; Grant of 

the Prize : 31st December i&3L 
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EFFECT OF MOSAIC ON THE TONNAGE AND THE JUICE OF 

SUGARCANE IN PUSA 

BY 

W. McRAE, M.A., D.So., F.L.S., 

Imperial Mtjcologist, Pusa. 

(Received for publication on the 8tb June 1931.) 

In tbe literature on the mosaic disease of sugarcane there are numerous 
references to a great reduction of tonnage and to a small reduction of available 
sucrose due to this disease. In addition to those given by Sayer [1929] two typical 
examples may be quoted. Earle [1928] states that “In Porto Rico carefully 
compiled statistics of sugar production at all of tbe mills for tbe years 1917 to 1919, 
when divided into districts corresponding to tbe extent of infection, showed that 
in tbe non-infected eastern district production in 1919 was somewhat in excess 
of 1917. In tbe heavily infected western district, however, average yields had fallen 
forty per cent, below those of 1917. These losses could only be accounted for as 
due to the effect of the disease ”. And Freise [1930] states that “ As far as investi- 
gations in Sao Paulo and Rio de Janeiro go, mosaic disease affects first the output 
of cane per acre of land ; then, but, in much more moderate degree, the content 
of sucrose in the affected cane. While the output may go down as far as twenty- 
five per cent, of norma], the sucrose percentage decreases on tbe average only 
from 12'4 to 1P96 per cent, in cane of the variety Taquara, or from 12'9 to 11‘3 
per cent, in Riscada cane. The Cayanna variety shows a decrease from about 
13-1 to 10*2 per cent.; this cane seems to be the most susceptible to mosaic ”. These 
losses occur in the noble canes infected with mosaic but with the exception of 
Hemja tbe thin canes of northern India that are infected with this disease do not 
show striking reductions of this kind in tonnage. Eye observation of the standing 
cane does not reveal any marked reduction though there is a belief in the mill that 
the avail.able sucrose is reduced. Plots to indicate these points have been grown in 
Pusa for the last three years, but they did not show any marked difference in 
tonnage or in sucrose. During this time it was noticed that secondary infection 
Was extremely small, thus conditions seemed to be favourable for a field experiment 
of a series of adjacent plots of mosaic and mosaic-free cane. In 1930, plots of 
Coimbatore seedling canes, Co. 213 and Co. 205, were laid down in Pusa so that 
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difierences cotild be more accurately determined. ™ared 

found most favour in the white sugar tract of north Eihai a . . < PP 

to he a good cane for the poorer class of land. 

Co. 213. 

Twenty plots, each nine yards by fifty-four yards, were laid out ^ 

mosaic, mosaic-free, mosaic-free, mosaic, the group of four being repeated five tunes. 
There were nine rows of cane in each plot. 

North* 


i. Mosaic . 

% Mosaic-free 
S. Mosaic-free 
4. Mosaic . 


Eepeated five times. 

The area was good, even, heavy land suitable for growing sugarcane and it 

parts had been subject to the same rotation in previous years. The operations ot 

planting and cultivating were carried out hy Mr. Wynne gayer, the Imperial Agri- 
culturist, according to the usual practice on the farm. Superp osp a e a 
rate of one maund per acre was given before planting and castor- calm at the rate 
of ten maunds per acre at the time of planting. The variety of cane was Co. 21 3. 
Planting was eye to eye and the germination on all plots was good. 

(а) Mosaic :-This cane was taken from plots wholly infected with the 

disease and sets were cut from canes whose leaves showed mosaic ^ marLings 

time of harvest. Thus this cane was definitely known to be mosaic infected. 

(б) Mosaic-free cane The sets were cut from cane that from frequent observa- 
tion during the growing season was known to be entirely free from mosaic disease, 

and at the time of harvest had no mosaic markings on the leaves. Thus the cane 

was definitely known to be mosaic-free when planted. 

During the season 1930-31 , a small amount of infection spread to the mosaic- 
free plots and twenty-three clumps were found to have the disease as follows 


Plot N'umber. ^ 

3 

0 

7 

10 

11 

14 

15 

18 

,19 

No. of chimps with mosaic disease. 1 

0 

6 

1 


4 

1 

2 

3 

2* 


jD Ouliu lu mo/y <*?ju j. 

ly no further cases were found. Of the twenty-three mosaic clumps seven were in^^ 
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the parte of the plots cut out to eliminate edge efiect. These numbers are too small 
to make any appreciable diii’ereiice in the yield of the mosaic-free plots. They are 
a measure of the natural spread of the disease during the year in the conditions of 
the experiment and show that such spread was small. This is in consonance with 
the result of another experiment to test the spread of mosaic disease in the field, 
Here^ in half an acre alternate rows of healthy cane of twenty-five varieties were 
grown with alternating rows of mosaic-infected Co. 206 cane, and during the year 
nine clumps became infected. It is this small rate of spread oi the disease this 
year that has rendered the experiment j)racticable. 

No damage was done by other cane diseases, and extremely little by borers 
and animals. The experiment was thus a good one for testing the diSerence bet- 
ween mosaic and mosaic-free cane. 

A random sample of cane was taken for analysis from each plot. From each 
of the seven row-s that were to be weighed finally in each plot three canes were 
taken at random. Numbers from 1 to 50 rejireseiiting the number of yards in the 
final plot wnre placed in a basket and kept stirred. The numbers drawn represent- 
ed the number of yards from the end of the row at which the canes were to be 
taken ; the cane at the end of the measuring rod at the proper number was the one 
taken. Samples from five plots were taken and analysed each day from the 27th 
to the 30th January 1931, when the cane was considered to be ripe. The cane was 
crushed in a bullock-driven, three-roller, iron mill. The analyses w^ere furnished by 
Dr. Harrison, the Imperial Agile ultui*al Chemist. The details are as folIow^s : — 


Hot num- 
bers 


Weight of 
cane in lbs. 
from samples 


Weight of 
Juice extracted 
in lbs. 


p 

M 

! . 1 

M 

2 

1 

43-75 1 

45-00 

3 

4 

40-50 

36-50 

6 

5 

38-00 

36-00 

7 

S 

35-00 

31-50 

10 

9 

34-50 i 

28-00 

11 

12 

36-00 

33-25 

14 

13 

34-5 ■ 

33-5 

15 

16 

30-5 

31-5 

■' 18 

17 

86 

32 

19. 

20 

35 

33-25 


Percentage 
weight of 
j nice t j cane 


36-50 25-25 ! • 22*25 62 84 

I 

36-00 25-25 I 22 66-32 


Brix 

(corrected) Sucrose uliicose 
per cent. per cent. 
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At tBie time of harvest six feet of cane from the ends of the rows and the two 
outside rows were renioved from each plot to eliminate edge effect. Ihus there 
was left ill each plot 7 rows of cane in an area 7 yards by 50 yards. Ihe weights, 
in maiiiids of stripped cane from the plots are as follows. One maiLnd=82 28 
poimds avordixpois. 


w 

M 

Mosaic-free 

Mosaic 

2 

1 

58*7 

55*5 

3 

4 

56-9 

52*4 

0 

5 

40-8 

49*7 

7 

S 

42*6 

45-4 

10 

9 

48'2 

42*8 

11 

12 

46-2 

45-9 

14 

13 

42-5 

39-6 

15 

16 

42*9 

42*7 

18 

17 

53*2 

43-C 

19 

20 

50 

47*9 


Mean 

48 SO 

4(>*55 


Difference 2, 

*2 inds. or 4‘6 per cent. 



Co. 205. 

Eight plots, each eleven yards by forly-iour yards, were planted alternately with 
mosaic-free cane and there v/ere eleven roAVS in each plot. The area w’'as light, high 
land rather lighter than is considered good for cane but it was the only site available 
seeing that the main cane area on the farm had to be protected from infection. The 
operations of planting and cultivating were carried out as in the former experiment. 
The mosaic and mosaic-free cane were chosen as before. On being examined during 
the season, the mosaic plots show^ed 97 per cent, infection and the mosaic-free plots 
0*7 per cent. This latter amount is however too small to materially affect the 
result. No damage was done by other cane diseases and very little by borers and 



I EiTECT OF MOSAIC ON TONNAGE AND JUICE OF SUGAEOANE IN PUSA S3l 


animals. A. sample of cane for analysis was taken from each |)lot on 26tli and 27tli 
February and the details are as follows : — 


riot numbers 

Weight of 
cane iii 
from samples, 

Weight of 
Juice extracted 
in ihs. 

Percentage 
weight of juice 
to cane j 

I Brix 

(corrected) 

1 In Juice 

Sucrose 
per cent. 

Glucose 
per cent. 

Purity 
per cent. 

P 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

M 

1 

2 

IS’lS 

16-80 

9-60 

10-10 

52-81 

60*36 

18*48 

18-10 

16-26 

15-92 

0-44 

0-56 

88*01 

87-64 

4 

S 

17'70 

16*50 

9-60 

9-90 : 

54-24 

00-00 

18-49 

17*86 

16*12 

15-52 

0-55 

0-52 

; 87*20 

SO'SS 

6 

G 

IG-GS 

16-62 

S-70 

9*10 

52-16 

54-51 

is-io 

18*41 

16*05 

15-96 

Or €7 

0*76, 

SS-69 

86*74 : 

8 

7 

IS’SO 

16-26 

7-70 

S-40 

55-80 

51-07 

18-10 

18-67 

15-79 

16*48 

0*56 

0-67 

87-21 

88-70 

9 

10 

i5'G0 

12-00 

9-30 

5 -DO 

59-62 

49-17 

18*33 

18-75 

15-92 

16-27 

0-52 

^ 0-5S 

S6-S3 

86-79 

12 

11 

12-70 

is -50 

7-10 

S-10 

55-01 

00-00 

18*10 

18-57 

15-71 

16-30 

0*51 

(.1-58 

86*81 

88*11 

IS 

14 

15-00 

:l,4*40 

9-00 

8-50 

60-00 

59-03 

18- 65 

18-24 

10-53 

15-92 

0-60 

0*47 

88*64 

87*26 

IG 

15 

IS’OO 

17-20 

7-30 

9-90 

50-15 

5 <*50 

17-48 

18-01 

15*25 

15*44 

0-4 6 

0-50 

87*20 

85-70 

. Average 

15-SS 

15-41 

8-54 

8-74 j 

55-83 

57*54 ■ 

18-22 

18-32 

5-05 

15*98 

0*54 

0-5S 

S7-5S 

87*25 


At the time of harvest, on the 14th March, each of the eight plots was divided 
into two. The second to the fifth row formed one strip and the seventh to the tenth 
row formed a second strip. Thus the strips were in order mosaic-free, mosaic, 
mosaic, mosaic-free, replicated four times. Each strip wts 4 yards broad and forty 
yards long. The weight in mannds of stripped cane was as follows : — 


F 

M 

Mosaic-itee 

Mosaic 

1 

■ 2 

910 

9-03 

4 

S 

9*12 

7*88 

5 

0 

9-03 

8-11 

8 

7 

8*06 

6*93 

9 

10 

7-96 

7*27 

12 

11 

7*02 

7*01 

n 

14 

7 -88 

7*09 

16 

15 

9*24 

8*46 
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Tlie statistical figures to determine tlie significance of the differences between 
tie series of pairs of plots are summarised below. 


Co . 213 

Mean 

difference 

Standard 
deviation 
of the 
differences 

Student’s Method 

1 , 

Mean diff. 
St. Dev. 

Odds 

Caae 


• • 

, 

• 

2 '25 1 

8*61 

•82 

20 

Juice in sample 

. 

. 

. 

1*6 

1-79 

•9 

8! 

Brix 

. 




'SI 

•52 

1-5 

1428 

Sucrose . 

. 




i 

*99 

*77 

1-8 

555 

Glucose . 

. 




'058 

•ilO 

*5 

11 

Piirifcy . 

- 




1*56 

2-26 

•69 

1 28 

Go. 205 . 









Game 



• 

• 

•74 

•37 

2 - 

very great 

Glucose 0 ' 

• 

. 

• 

• 

*04 

•08 

•5 

8 


The other differences in Co. 205 are too small to be significant. 

In these experiments, then, with regard to the weight of cane of Co. 21 3, the 
odds are 20 to 1 against the occurrence of a difference as great as 2’25 mds. or 4*6 
per cent, between the two sets of observations of Co. 213 being due to chance alone 
or the odds are 20 to 1 against such a difference as 4*6 per cent, being found if both 
the series of Co. 213 plots had been planted either with mosaic-free cane alone or 
with mosaic cane alone. Similarly the odds against the difference of yield, viz,, 74 
Bids, or 8*6 per cent, in mosaic-free and mosaic cane of Co. 205 being a fortuitous 
difference is very great. Also from a consideration of the odds of the various other 
items compared we may coaclude that the differences are real though there is some 
doubt about the glucose in both varieties where the odds are rather low. On the 
whole, then, in these two experiments the mosaic disease has lowered the weight 
yield of cane by a small percentage and has lowered slightly the quality of the juice 
in Co. 213. These experiments show that, in Pusa, in the conditions existing in the 
season 1930-31, the loss of tonnage was small in Co. 205 and Co. 213, and that the 
deterioration of juice was small in Co. 213 but did not show in Co. 205. Still such 
a reduction in purity, slight though it appears, is an important factor for the manu- 
facturer and taken on a fifteen lakh crop, would represent a loss to the mill of 
approximately Es. 20,000 for the season. 
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From general eye observation and comparative records of yields the other 
Coimbatore seedling eanes that reach field-scale in Pusa behave in much the same 
way. Though quite susceptible to mosaic they are highly tolerant. Co. 214 is the 
only one of them that does not take this disease. It may be that because of the 
short growing season in North Bihar mosaic does not have the same effect on the 
yield of the cane as it has on tropical long-period cane, and we certainly never see 
the markings on the stem recorded elsewhere. The results of this year's experiment 
may reasonably be taken as applicable to Coimbatore seedling canes in North Bihar 
and the adjacent parts of the United Provinces but they may or may not be 
applicable to the rest of northern India. The conditions in south and western India 
are so different that these results can hardly have any value there and it is possible 
and perhaps likely that greater losses may be induced both in tonnage and quality 
of juice. The experiment will be repeated for at least twm seasons more with Co. 213 
only, as the other cane has become unpopular with the mills, chiefly because of its 
high fibre content and lower yield. A similar experiment with the thick cane under 
irrigation in tropical India would yield valuable data, though here jirobably the 
lay-out of the experiment would have to be modified because the disease spreads 
far more rapidly as shown by results in Coimbatore in 1928 and subsequent years 
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A BAGTEEIAL WHITE SOFT EOT OF TUENIP. 

BY 

HxlEI HAR PRASAD, 

JssistaM to iJie Imferiul JgnGidUiml Bmieriologist, Vusa. 

(Received for publication on the 18th. June 193 L) 

A white soft rot of turnip was noticed at Piisa., in the Kitchen garden area, in 
February, 1931. A largo number of well-grown turnips were affected and were 
foinid to give off a putrid smell after softening. In most of the aifecjted roots the 
softening had gone too far and considerable portions of thein had been reduced to a 
white pulp before the disease could be deteotcd. From the turnip plot a nasty 
siiie.ll was emanating and careful examination revealed that some of the turnip roots 
show^ed areas which appeared partially w-ater-soaked and were soft to the touch. 
While pulling out the affected roots, it was noticed that the rotten portions were 
left in the ground. A considerable number of the roots were damaged in this w^ay. 

Symptoms OF THE DISEASE, 

In case of early infection there is nothing abnormal in the appearance of the 
foliage but in advanced cases leaves turn yellow and drooj) do wn. On the roots there 
are areas, not confined to any particular part, having the appearance of soft water- 
soaked patches of a colour jialer than the sound and firmer portion. Inside these 
soft patches the tissues are all reduced to white pulp from wFich a putrid smell 
emanates. 

Method op attack op the disease. 

The method of infection is probably through injury caused either during inter- 
cultivation or by insects. Healthy, growing, plants when inoculated with pure 
culture or with a little diseased tissue by means of sterile needle or knife showed 
sj^mptoms of the disease after about two days. 

Laboratory examination of the naturally infected roots showed that decaying 
tissues were swarming with motile bacteria. Platings were made from a partly 
rotted turnip and chiefly one type of organism was found on the plates and isolatea 
in pure culture, which when inoculated into raw sterile turnips produced the 
characteristic rotting. The organism was re-isolated from them and produced 
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rotting by wound inoculation on sterile roots and on sterile pieces of turnip, potato, 
sweet potato, artioboke, beet-root, brinjal, radish, onion, carrot, (Jummis 
{khim), and musk melon. Corms of a garden flower plant of Amaryllidaceas order 
was also easily attacked. Stalks and heads of cauliflowers and stalks of cabbage 
(but not leaves) rotted readily. 

The causative oeganism. 

The growth, in pure culture, of the organism resembled generally that 
of the group of bacteria which are known, in other countries, to cause soft rots of 
vegetables. Study of its morphological and cultural characters shows the organism 
to closely resemble Bacillus arof&ffi [Townsend, 1904] or Bacillus indonis [Giddings, 
1910] with minor differences. In spite of repeated trials, the organism did not 
ferment milk with gas, whereas gas was found to be formed in milk cultures of 
B. aroideaf and B. melonis by the previous investigators. Our organism seems to 
be a variant of B. aroklacc ox B. malonis. 

Beief desceiption of the causative oeganism. 

A short rod measuring about I'O to 1-5 p, x 0-5 to 0-7 p, generally single or in 
twos, motile by means of 6-8 peritrichiate flagella ; no spores ; no capsule ; gram 
negative ; facultative anaerobic ; agar colonies round, small, glistening, slightly 
raised, moist, greyish-white, smoky by direct transmitted light, opalescent in oblique 
light ; gelatine liquefied, milk curdled and slightly peptonized without formation of 
gas; nitrates reduced, slight indol production; growth in Uschinsky’s solution 
without pelhcle formation ; no gro^vth in Cohn’s solution ; good growth in Fermi’s 
solution; acid without gas from dextrose, maltose, lactose, galactose, sucrose, 
glycerol, mannitol ; slight diastatic action ; thermal death point 50°C. Eeversal of 
reaction after some days’ growth in carbohydrate media was noticed. In broth 
containing 01 per cent, glucose, sucrose, and lactose there was reversal from pH 
4*8 to 6*2, from pH 5’0 to 5'2 and from pH 5’4 to 6'0 respectively. In broth 
containing higher percentages of these sugars, viz., 0'3 per cent, and I'O per cent, 
marked reversion was not noticed. 

Harding and Morse [1909] and others have observed that B. caroiovorous and 
some others of the soft^rot organisms produce pectinase, an enzyme which has the 
power of softening middle lamella of some of the vegetables. Ten days’ growth 
of the organism in beef broth was filtered through a Berkefeld filter and the sterile 
filtrate tried on sterile turnip and potato slices produced characteristic softening. 

A search of the hterature on wet rots of vegetables and fruits shows that the 
above description of the symptoms of the disease and of the causative organism 
agree only in certain respects with the descriptions given by previous workers. 
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A comparative study of the published papers further shows that there are 
possibly three kinds of closely resembling organisms which cause turnip rots. The 
symptoms of the disease found by the different investigators also vary with the 
morphological and cultural characters of the causative organism which are described 
hereafter. ' 

{a) The disease caused by an injury at the crowm of the foliage and confined to 
the core or the internal tissues without affecting the outer skin is attributed to an 
organism with single polar flagellum, Pseuionwnas destructans by Potter [1901], by 
Jones' [1922] whose organism is similar to Ps- destructans (Potter), and hy Johnson 
and Adams [1910]. 

(6) Disease starting from the crown until the whole root from the top to the 
base is involved is described by Wormald and Harris [1 925]. The centre becomes a 
mass of rotten pulp and the rotten parenchymatous tissues disappear leaving the 
vascular cylinder only as a fibrous net w’-ork. The causative organism which has 
peritriohic flagella is, however, described as similar to B. cawtovorus ( J ones) with 
the group nuniber 221*1113022 as determined by Harding and Morse (which agrees 
with the descriptions of Wormald and Harris). 

Priestley and Lechmere [1910] describe a similar disease of Swedes caused by 
an organism similar to B. olemcece (Harrison) whose group number is identical with 
the group No. of B Gcirotovorus as determined by Harding and Morse [1909]. 

(g) The disease described in this paper difiers from the above two kinds in that 
the crown and leaves are not affected till nearly the whole root is rotted, as it starts 
from the sides of the root where the original injury might have been caused. This 
disease is ascribed to an organism similar to S. aroidscB^ [Townsend, 1909] or B, 
nielonis^ [Giddings, 1910] with peritriohic flagella. The g.:oup number of this organism 
221*2223022 as determined by us is the same as that of an organism, Turnip Eot D. 
Vermont, as determined by Harding and Morse and agrees with that of B. aroidece or 
B, melonis. Massey [1924] describes a similar organism with peritriohic flagella 
causing tomato rot, and considers it to be identical with B. aroidece. The descrip- 
tion of the Pusa turnip rot organism agrees with B. aroidece Townsend, and differs 
from B. melonis (Giddings) and Massey's Tomato rot organisms in not producing gas 
from milk as we failed to observe any gas production in milk, whey or neutralized 
whey. 

EeMEDIAL MEASURES. 

Direct remedial measures against diseases of root crops growing partly, if not 
wholly, underground are not feasible. The only preventive measure that can be 
suggested is rotation with other crops, the fruits of which do not come in contact 
with the soil. 
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THE INHEEITA-NOE OF CHARACTERS IN RAGI, ELEUSINE 
CORAQANA (GAERTN.), 

PART II. 

GEAIN COLOUR FACTORS AND THEIR RELATION TO PLANT PURPLE PIG- 
MENTATION* 

BY 

GI K EAKGASWAffl AYYANGAE, B. A., I. A. S. 

Millet S^^eoialist, AgrmtUiiral ReseareJi Institute, Coimhatore, 

AND 

* 

P. KEISHNA EAO, L. Ag, 

AND 

U. ACHYUTHA WAEIAE, B. Sc. (Ac.), 

Assistants to the Millet SpeGialisl, Coimbatore. 

(Received for publication on the 30tli March 1931 .) 

(With Plates LVIIT-LX.) 

Brown is the predominant grain colour of ragi. There are however a few minor 
races whose grain colour is white. The brown pigment is confined to the testa 
or the outer layer of the seed-coat (Plate liVIII.) 

As already described in Part I, fragi plants are either green-throiighout or purple 
pigmented in parts. It was noticed that all the white-grained races consisted 
of plants that were green-throughoiit. The marked absence of white grains in 
purple-pigmented plants stimulated the pursuit of the inheritance of this brown 
colour in the grain and its relationship to the purple pigment in the plant. 

In January 1928, in the mother population of white-grained greeii-throiighoiits, 
a few brown-grained, purple-pigmented plants were noticed, with that character- 
istic aspect that gave a reasonable suspicion of their being natural hybrids. 

^ Paper read at the IStii Session of the Indian Science Congress at I^agpiir (T in. 1911) with fuller 
data and an added chapter on Depth of Brown. 

t Intlim Journal of Agricultural Science Vol. 1, No. 4. 
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Later in tlie year, five of these were sown and the second generation raised 
from them hehaved as follows : — 


Table I. 


Batio 


F2 

Behatxour 


Purple plant 

Green plant 

Green plant 

Family Ko. 

Purple plant 

1 Green plant 

Brown grain 

Brown grain 

White grain 


Brown grain 

Brown grain 

White 

grain 




F. a 




15 

.. 

1 

1200 

763 

.. 

50 

15 

.. 

1 

1201 

646 

. . 

37 

45 

15 

4 

1202 

426 

151 

25 

46 

15 

4 

1203 

242 

69 

SO 

45 

15 

4 

1204 

630 

211 

53 


It was obvious that a set of duplicate factors were at work, producing the 
brown of the grain and that the purple pigment of the plant was related to these. 
A large number of selections from three of these families, viz,, E. C. 1200, 1203, 
and 1204 were carried forward to elucidate these points. These families have 
been worked to further generations, E. C. 1200 to the Eg and E. C. 1203 and 
E. C. 1204 to the fourth generation. Their behaviour is presented in Tables II 
to XIL 

The following points are given to serve as a genetic introduction to these 
tables. 

(1) Two factors designated and B 2 are at work either singly or together to 
produce the brown pigment of the mgi grain. In the absence of both the B 
factors the grain is white. 

(2) A supplementary factor S working in association with either or both of 
the B factors is responsible for the production of plant purple pigmentation. 

Abbreviations used , — The following abbreviations figure in the tables. 

P. = Plant purple. 

GT. = Plant Green-throughout, 

Br. = Brown grain. 

W* = White grain. 
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Table II. 

Clan E. C. 1200 F^. 

(16 families.) 


[I, V. 


Purple plant 
Brown grain 


All 



Selection 




Fg Behaviour ' 

Green 




Purple plant 

Green plant 

plant 

White 

Ko* 

Character 


Brown grain 

White grain 

grain 







— • 

E.C. 






1 

1610 

Purple plant 

• 

• 

149 

10 


1616 

Brow^n grain 


• 

192 

10 


1620 




174 

15 

1 

1607 

ff 



199 

45 


1611 

f> 



122 

49 


1613 




163 

38 


1614 

f» 



136 

28 


1616 

9> 



114 

55 


1617 

99 



Ul 

39 


1621 

99 



161 

64 


1608 

99 



All 



1609 

•9 



All 



1612 

99 



Ail 



1618 

99 



All 



16’9 

99 



All 


Ail 

1622 

Green plant 







White grain 




pure 


and segregating for both, the factors 

1200 is therefore bg 


This clan is obviously pure for the S factor : 

BiandBg. The factorial composition of E. C. 1 

ClanJE. C. 1203 has proved excellent materia] for illustrating the segregation 
for aU the three factors Bj, Bg, and S. Table III represents its third generation 
and considering the small number of selections representing this generation, mz., 21, 
the occurrence of all the ten kinds of experiences to be theoretically expected in this 

generation (Plate LIX) is a remarkable and happy coincidence. 
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Tabee III. 
Gian IL C\ 1203-F*^. 
(21 Fainilies.) 


i ‘ 1 



St 

ti 

1 

sleo 

on 

^0. 

Fg CliaTacter 

Fg Behaviour 

Purple 

plant 

Green plant. 



Brown 

grain 

Brown 

grain 

White 

grain 

1 

0. 






1426 

Purple plant Brown grain 

132 

43 

i 


1430 

Bo. 

133 

36 i 

f 

m 


1428 

Bo. 

223 

•• ! 

11 


1423 

Bo. 

218 




1425 

Bo. 

154 

.. 

3J 


1431 

Bo. 

216 

•• 

5^ 


1432 

Bo. 

192 


6; 


1422 

Bo. 

116 

43 



1424 

Bo. 

153 

48 

•• 


1427 

Bo. 

205 

57 

• « 


1420 

Bo. 

195 

67 

.. 


1421 

Bo. 

Ail 

•• 



1434 

Green plant Brown grain . 

.. 

182 

1 


1433 

Bo. 

*• 

184 

4 


1435 

Bo. 

.. ’ 

All 

.. 


1436 

Bo. 

.. 

■ All 

y. 


1437 

Bo. * 

•• 

All 



1438 

Bo. 

.. 

. All 



1430 

Green plant White grain . 

. .. 


All 


1440 

1441 

Bo. 

Bo. 

• * 

. •• 

Ail 

All 

i 
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A fairly comprehensive F„ with representatives from each of the 7 kinds of 
wlL L fc i. pr«»a^d i. Me. IT to X, "toe 

leave nodonbtasto the interpretation of the mter-play of these three 
detailed above. 

nt a -t-kT Tn TXT . 


QUn E. 0. 1203-Fi. 

F, from Family No. E. 0. 1426 (B, b^ b^ Ss) of Table III. 




Oenotio iaterpretatioii 


Cl*. ■ Ciiaraoter 

Seleotioa „£ selection 

inP, 


p. Br. GT.Br. GT. W. 


Segregating for B. and S, 


Segregating for B- 
Pnre for S# . 


Segregating for S^ 
Pure for B. . 

Pur© for S. and B. 


Segregating for B' 



Pur© for B- 
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Table VI. 

Clan E.C. 1203-F^. 

F 4 from Family No. E. G. 1428 (Bjbi BS) of Table HI. 
(16 Families.) 


Noto :“-Tiiis F* is pure for S, 


GeuetlG iaierpretation 

Selection 

No. 

Character 
of selection 

in F 3 

F 4 Behaviour 

P. Br. 

GT. W. 



F. C. 






1897 

F. Br, 

122 

9 

Segregating for Bi and Bj . • .* 

- 

1900 

. »> 

iOi 

10 . 



1, 1904 

99 

94 

5 



^ 1899 

Pi 

67 

16 

Segregating for one B. Absence of the other 

■<! 

1903 

99 

29 

12 

B. 


^ 1910 

»» 

86 

34 



r 1896 

9? 

All 

« • 



1898 

*» 

Ail 

• -» 



1901 

it 

AE 




1902 

\ 

All 


Pure for B (on© or both) . , , . 

< 

19015 

99 

Ail 

' « # 



1906 


Ail 

ft'# 



1907 

. 

All 

ft e' . 



1908 

n 

Ail 




L 1909 

" 

All 


Absence of B| and Ba » 


1911 

GT. W. 

•• 

piife 
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Table VII. 


Clan E. 0. 

F, from Family No. E. C. 1425 (Bibibab^ SS) or (b^bi Bab. SS) of Table III, 

(5 Families.) 

Note ?— -TMs F4 is pure for S and for the absence of one B, 


Character 
of selection 
in Fj 


■Genetic interpretation 


Selection 

No. 


Segregating for B. . 

Pure lor B. 


Genetic interpretation 


Selection 

No. 


Character 
of selection 
in Fg 


Segregating for S. 


Pure for S. 
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Table IX. 

ClmB.G.im-Ii. 

I, from Family No. E. C. 1434 (B^ b^ ss) of Table III. 

(16 Families) 


[I, V. 


Geaetio interpretation 


Segregating for B| and Bg 


1 


Segi’egating lor one B — ^Absence of tbe_ 
other B. 


Pure for B (one or both) 
Absence of and Bg 


Selection 

No. 

Character of 
selection 

inP» 

E. 0. 
1936 

GT. Br. 

1937 

n 

1938 

n 

1933 

n 

1934 

9f 

1939 

ff 

1940 

„ 

1945 

9f 

1946 

„ 

1947 

9* 

1936 

99 

1941 

99 

1942 

99 

1943 

99 

1944 

99 

1943 

GT.W. 


R Bebavioiir 


GT, Br. 


85 

100 

101 

101 

98 

56 

61 

70 

92 

59 

Ail 

AU 

AU 

Ail 

All 


GT. W. 


13 

7 

7 

30 

28 

m 

21 

23 

22 

22 


pure 


Table' X. 

ClrnE.C.mS^F^. 

F, from Family No. 1. C. 1433 (B^ b^ b, b, ss) or (b, b^ B^ b^ ss) of Table III. 

(5 Families.) 


Genetic interpretation 


Segregating lor B. 

Pure for B. • 
Absence of B» 



Selection 

No. 

Character of 
selection 
inFs 


E. 0. 


f 

1929 

GT. Br. 

• -1 

1931 

»» 


1928 

99 

• •( 

1930 

99 


1932 

^ GT. W. 


P4 Bebavioiir 


GT. Br. 


81 

101 

pure 

pur© 


GT. W, 


27 

20 


pure 


1 



n 


itiiPlillli 
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E. C. 1204, the sister clan to E. C. 1203, has been dealt with equally elabo’ 
rately and its behaviour in the E 3 is presented in Table XI. 

Table XI. 

Clan E. C. 120i-F^. 

(20 Families.) 


F3 Behavioor 


Ratio 


GicieH 

plant 


Purple 

plant 


Green plant 


Brown 

grain 


Brown 

grain 


WMte 

grain 


Brown 

grain 


WMt© 

grain 


Brown 

grain 


Selection 

No. 

Eg Character 



E. 0. 


1442 

Purple plant 

1448 

Brown grain 

1449 

99 * 

1444 

• 

1451 

$9 • 

1452 

»9 * 

1443 

• 

1446 

99 • 

1447 

99 • 

1453 

99 • 

1445 

99 • 

1460 

99 • 

1455 

Green plant 

1459 

Brown grain 

1454 

»» • 

1456 

99 • 

1457 

99 * 

1458 

99 • 

1460 

Green plant 

j 1461 

White grain 
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A summary of its F* appears in Table XII. 

Table XII. 


Clan E. G. 


F, f rom Families E. 


C. 1444, 1447, 1448, 14.54 and 1459 of Table XI. 


(70 Families.) 




i 

Beleetion No. 

Character 
of selec- 


; Behaviour 

Oeaetle interpretation 

tion in 

P. Br. 

GT. Br. 

GT. W. 


E. C. 





Segregating for B|, B.^ and S. 

1715, 1716, 1719, 
1726. 

P. Br. 

400 

104 

36 

Segregating for S and one B-— 

Absence of the other B . 

1.542, 1545,1549. 
1560, 1552, 1553, 
1717, 1723. 


941 

316 

383 

Segregating for S— - 
Pure for B (one or botn) « • • 

1651, 1707, 1708, 
1709, 1714, 1718, 
1721, 1724, 1726, 
1727. 

99 

1077 

1 329. 

• • 

lor Bj and 

pare for 

1713, 1720, 1722 . 

99 

568 


37 

Segregating for on© B— . 

PfijeforS. * . • • • 

Pure for S and B ton© or both) . 

1646 . 

1543, 1544, 1548, 
1710. 1712. 

99 

176 

All 

- 

55 

Segregating for Bj and - 

Absence of B. . 

1728, 1738, 1740, 
1743, 1744, 1760, 
1753, 1755, 1756. 

GT. Br. 


1179 

65 

Segi ©gating for B— 

Absence of S and the other B. . 

1543, 1644, 1648, 
1732, 1733, 1739, 
1741, 1742, 1751, 
1754, 1755, 1756. 

99 


1068 

344 

Pure for B (one or both)— 

Absence of B. 

1567, 1711, 1729, 
1730,1731,1734, 
1735, 1737, 1745 
to 1749, 1762, 
17.54. 

99 


, All 

i 

® « 

Absence of B| and B^ , • ■ ' , ■ * 

1736, 1767, 1758 . 

GT. W, 



pure 
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To coafirm the introductory hypothesis, artificial crosses were made between 
two green-throiighoiit plants, one white -grained and the other browii-grainerls of 
tile following genetic composition : — 

^ E. 0. 1540 (of Table V) 


Cross No. E. C. CXLIII (1029) 




^E. 0.1537 (of Table V) 
i (Green- throughout) 


i BBSS 


V. ( Brown grain > 

Pour first generation plants raised from this cross lietween green ■ plants gave , 
true to expectation, purple- pigmented plant! with brown grain, whoso second gene- 
ration has given the expected 9:3:4 ratio of purple plants with brown grain, and 
green plants with brown and with white grain— Table XIII. 

Table XIII. 

Gross CXLin-Fo. 


Family No. 

Fju Bella vi our 

Purple plant 

Green -tliroiighout plant 


Brown grain 

Brown grain 

White grain 

E.C 1812 . 

122 

41 

53 

E. 0. 1813 . . . . 

130 

40, 

62 

E. 0.1814 . . . . . 

133 

41 

43 , , 

E. 0. 1815 

131 

38 

^ ■ 45 

Total 

516 

160 

203 


X2 == 2-35 P - -3 

Bcyi is associated with its characteristic brown grain. Unlike other cereals 
there is not any wealth of grain colour. It is all one dull drab. People using this 
grain get reconciled to the brown tint of the cooked gruel. The more agreeable white 
ragi is comparatively less vigorous and poor yielding and is consequently rare in 
cultivation. Nevertheless it required a white-grained ragi with the S factor, to 
figure in a cross and resolve both the plant purple and the grain brown of the mgi 
into their genetic compositions. This fact is of considerable significance in the 
evolution and survival value of the existing varieties of cultivated mgi. 
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Depth OF Bkowh. 

As already mentioned brown is the common colour of fagi.' It is so' charac- 
teristic of this cereal that this particular tint of brown has been designated ragi 
brown. Certain races are met with in which the ragi colour of the grain takes on a 
d«arker shade (Plate Lx). Given fair weather and normal ripening, the^ separation 
between the ordinary ragi brown and the dark ragi brown is definite. Over-ripe- 
ness or a downpour of rain tends to make the normal colour dark and the dark 
colour reddish black with the result that the separation of the tw^o, gets to be rather 
difficult. 

These difficulties notwithstanding, the dark ragi brown has been found to be 
brought about by a definite factor — D — which acting on the ragi brown makes it 
dark brow^n. 

The following segregates prove this point. In judging the trend of these figureSj 
their un-uniform ripening coupled with odd showers intervening between readings 
will have to be remembered. The pure browns and the homozygous dark browns of 
the Fg *and F4 leave no doubt on the general question of a single factor segrega- 
tion. 

Table XIV. 


Segregation for depth of brown. 


Generation 

Number 

j Grain colour 

Dark brown 

Rag! brown 

Nahird Orms (1927) 






E. C. 1300 . 

126 

22 

Jj_- 




Charm! er of sdedion. 




Dark brown .... 

E. 0. 1659 . 

27 

10 

• 

E. 0.1560 . 

64 

23 

99 • . . 

E. a 1563 . 

49 

24 

« .... 

E. 0. 1564 , 

34 

24 

99 ■ • * • • 

E. 0. 1561 . 

pure 


99 • • • • 

E. 0.1562 . 

pure 

.. 

Eagi brown . 

E. 0.1565 . 

.. 

pure 

» , * • • • 

E. 0. 1666 . 

- 

pure 
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Table XIV—(cmtd.). 
Segregation for depth of Lrown-- {eontdA 


Number 


F 4 {from Family E, C 


E. C. 2156 
E. C. 2157 
E. C. 2159 
E. 0. 2160 
E. C. 2158 
B. C. 2161 
E. a 2162 


Total of 


Ragi brown 


This factor — D — for depth is independent of the various plant purple pigmen- 
tation factors. The history of Clan E, C. 1523 in which the — D — factor figures 
along with segregations for plant purple pigmentation and grain colour, proves its 
independent existence and its individuality as a simple deepener of the action of B 
factors for grain colour (vide Table XV). 

Table XV, 

B independmt of B S and 1 fmtors. 


Generation 


Natural Cross {1929} 


E. C. 1523 


Ragi brown \ Wi 


(Plant.) P *L. P. G. T. P, L. P. G. T. G. T. 

96 34 45 42 9 17 16 


Gharacier of sdedion.* 

Grain. Plant. 

Dark brown . P. E. 0. 1952 

E. 0.1956 

„ . „ B. 0.1949 

„ . „ E. 0.1950 

E. 0. 1951 
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Tabre XY—{oontd.). 

D — independent of B S and I. foe, tors — (contd.). 


Graia colour 


Gaiiemticm 

K umber 


Bark brown 

Ka.gi brown 

White 






(Plant) P. 


G. T. 

P. 

L. P, 

G* T. 

G. T, 

.Gfaiii, 
Dark browii 

• 

Plant. 

R 

B. 0. lOoJi 

• 

160 

49 

76 


.. 

.. 

.. 

n 

* 

»9 

E. e. 1954 


141 

72 

58 


.. 


*• 



99 

E, C. 1955 


112 

41 

58 


.. 

.. 




L. P. 

B, 0. 190:i 



52 

27 


22 

6 

10 

»» 


99 

E. C. 1965 


.. 

46 

17 


36 

12 

6 

n 


99 

E. 0. 1906 



60 

S3 


17 

13 

8. 

i9 


•9 

E. 0. 1961 


.. 

80 

26 




12 

ff 


99 

E. 0. 1964 



109 

S7 



.. 


n 


•9 

E, 0. 1962 


.. 

All 

.. 



.. 

.. 

n 


Q.T. 

E. 0. 19?0 




100 


.. 

.. 

29 

n 



E. G. 1969 



.. 

82 


. , 

32 

.. 

}» 


99 

E. 0. 1971 



.. 

93 



41 

.. 

99 


99 

E. a 1972 


,, 

•• 

94 



33 

.. 

Ragi brown 


P. 

E. 0. 1957 


i 


.. 

190 


83 

10 

99 


99 

E. 0. 1959 


1 


.. 

75 


37 

■31 

n 


*9 

E. 0. 1958 



.. 


97 

.. 

29 

. . 

91 

« 

99 

E. 0. 1974 



.. 

, . 

84 


30 

• . 

99 

• 

9 

E. C. 1960 


• • 

. « 

.. 

110 

46 



99 


L. P. 

E. C. 1967 


.. 



.. 

84 

30 

.. 

99 


99 

E. C. 1968 


.. 

.. 

. . 

.. 

80 

26 


9V 


a. T, 

E. C. 1973 




.. 

.. 

. . ■ 

All 


White : . 


99 

E- 0. 1975 



. . 



. . 

. . 

All 

9t ' • 

V 

>9 

E. C. 1976 

• 

•• 

- 

*• 

•• 

.. 


Aii 


*h, P, — Localised Parpie, 
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It is noteworthy that the 28 families of the third gerieration presented in 
Table XV, bring out the inter-play of the five factors Bj, Bg, S, I, and B. 
Selections for the extraction of a green-thronghout with white grain and the D 
factor, are being worked on for material to cross with. 

Summary. 

The characteristic brown colotir of the ragi grain has been designated ragi 
brown. Two factors Bj and Bg either alone or together are capable of producing 
this brown. A third factor S in association with either or both of the B factors, 
produces plant purple pigmentation* This factor accounts for the absence of 
white-grained mgi in purple-pigmented plants. The S factor is carried by some 
races of white grains, 

A factor D that deepens the effect of the B factors behaves as a simple 
dominant. This is independant of the factors concerned in the plant purple pig- 
mentation and is not in selective association with either of the B factors. 


THE INHERITANCE OF CHARACTERS IN RAGI, 
ELEUSINE GORAOANA (GABRTN.), 

PART III. 

STERILITY. 

BY 

G. N. RANGASWAMI AYYANGAR, B.A., I.A.S., 

Millet Specialist, Agricultural Research Institv/te, Coimbatore, 

AND 

. N. KRISHNASWAMY, B.Sc., 

Assistant to the MiMet Specialist, Coimbatore. 

(Received for publication oa the 7th April 1931.) 

(With Plates LXI-LXni.) 

SteriEty is occasionally met with in the ragi plant. It manifests itself in an 
almost complete fiiilure to set seed in the ear-heads, giving them a blighted look. 
Such plants start to grow vigorously, branch quick and profuse, flower late and 
put forth numerous heads giving the plant a low bushy aspect. The anthers 
lack the free and quick protrusion which gives the healthy ear-heads that fullness 
characteristic of the blooming period. 

The stigmas are healthy and receptive though for lack of pollen remain charac- 
teristically naked. Most of the anthers do not dehisce, though there are enough 
stray ones opening out to beep the race going. The net result of this defect is 
the production of a mass of sapped up ear-heads dotted with odd grains that have 
managed to develop. A typical sterile plant together with a healthy one is shown 
in Plate LXI. 

Many forms of sterility have been met with, two of which have lent them- 
selves to definite pursuit. They are due to (i) a non-dehiscence of anthers, and 
(ii) an agglutination of the pollen grains. These are dealt with separately below. 
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PLATE LXL 


Fertile and Sterile plants, 

STERILITY, 



ISM 


IWii&isi. 


Dehi 




INHERITANCE OF OHABAOTBRS IN RAGI, PART IH 555 

Sterility — ^Non-behisoence of Anthers. 

Deswiption : — The first type of sterility is the result of non-dehiscence of 
anthers. In sterile, plants . the anthers are of the same size and shape as in the 
healthy ones. They do not dehisce, but are full of pollen grains (Plate LXII) and are 
held rigidly up by the filaments for a considerably longer time than in the normals. 
Most of the anthers are like this, though a few do dehisce and help to set a few 
seeds. In plants with no purple ' pigmentation ■ these undehisced ' anthers have an 
unhealthy whitish look in contrast to the light yellow of the normals. ' In purple- 
pigmented plants the non-dehiscing anthers have the purple ' dotting and daub on 
them considerably reduced and practically confined to a weak zone of purple 
along the suture groove. The pollen grains inside these anthers are ' free and 
healthy, full of contents, and respond normally to the iodine test and have been 
found to be viable. ; 

Imiieme : — From the very nature of the .character it is impossible for it to 
exist in a pure state unless under selfed conditions. Individual ear-heads have 
been selfed at the Millets Breeding Station, and have proved true to sterility as 
will be evidenced by the following figures : — 


Family 

No,‘ 


Year of 
selSag 


1927 

1927 

1928 


E. 0. 946 
E. 0. 941 


The range of setting in sterile families has been worked out on selfed primary 
heads in family No. E. 0. 1371 on a population of 40 individuals and has been 
found to vary from as few as 6 grains to 572 grains with an average of 169 grains. 
In a sister family of fertiles, viz., B. G. 929, similar counts on 40 selfed heads gave 
a range from 590 to 2788 grains with an average of 1524 grains. This manifesta- 
tion of sterility naturally varies with the type of ear-head concerned. In family 
E. 0. 1167 with a heavily branched and compact ear-head, with numerous flowers, 
counts on 30 sterile plants gave a range from 209 to 1357 grains with an average 
of 815 grains. In a sister family of normals, w., E. G. 1165 of similar ear-heads, 
grain counts on a population of 10 gave a range of 1665 to 4608 with an average of 
2831 grains. The broad fact is patent that in otherwise related pure liues, steriliiy 
manifests itself in a low, though well marked, degree of setting. 








Fg s©gr©gatioE 


Sterile 


Fertile 


Fertile 

natural crosses 

47 

n 

-51 

15 

6 


Storiles 

40 

65 

43 

36 

8 


Ihiht natural conditions of flowering the steriles are liable to a chronic degree 
4if juitiiral ia4)Bsiiig ill the healthy indivicliials, as will be seen from 

the following figures : — , 


E.,C. 73! . 
E. C. 732,. 
E« C*. 733 0 
K Cl 1371. 
E. C. 1372. 


There is absolutely no doubt about the nature of these natural hybrids. In 
E. 0, 1371 given above the steriles were green throughout, but 13 out of the 15 
natural crosses ’ivere purple-pigmented. In E. 0. 1372 all the six natmal crosses 
were purple ; so that in addition to fertility which spots a cross, we have the 
definite aid of purple pigmentation as an accessory help. 

Many such natural crosses have been taken and grown to confirm their nature 
and the following few families are given illustrative of the undoubted composition 
of such crosses : — 
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IJnaelfed sterile 
Family No. 


No. of 
rmtiiral cross 


E. 0. 942 


E. 0.943 «... . . . . 140 

K0.947 • , . . ... . . 160 


E, 0. 1368. 


176 
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The following table gives other confirmatory data, purple pigmentation being 
added to the segregates ; — 




Fa segregation 


.Niiiiiljer of natural cross 

Fertile 

Sterile 


Purple plant 

Green plant 

Purple plant 

Green plant 

E. 0. 944. • 

104 

47 

SO 

13 

E.C.948 

145. 

55 

21 

13 

E. C, 949 . . , . . . ■ • 

106 

28 

10 

7 

E. 0. 951 

140 

54 

24 

15 

E. 0.952 ....... 

. 127 

55 

34 

5 


It will incidentally be noticed that this anther non-dehiscence is practically 
unaffected by the presence or absence of purple pigmentation in the plant. 

InhentanGe : — This anther-non-dehiscence and the very sj)arse fertility conse- 
quent thereon has proved to be heritable and the history of clan E. C. 459, in 
which this experience was first met wdth and subsequently pursued to four genera* 
tions, is given in Table I. 

A single factor is responsible for the production of normally dehiscing anthers. 
This factor has been designated X. Its absence results in non-dehiscence. 


Table L 

Clan No. E. 0. 459. 
(Segregation for the fertility factor X.) 




Number 

Cliaracters 


Generation 

Fertile 

Sterile 


Hatural Cross 


Fertile 

• « 


(1923) 

(Xx) 

Pa 

E. 0.439 

98 

24 

Genetic Behaviour. 

Segregating for X . 

Pa 

Oharaeter of selection. 

E. 0. 728 Fertile . 

250 

52 

5J, » • 

•• 

E. C. 730 „ . • 

234 

64 
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Table l—oonid. 


Clan No. E. C. 459 — contd. 





Charaoters 


Humber 


Generation 


Fertile Sterile 


E. C. T25 ;Pertil6 


E. C. 731 Sterile 


and 726 fanilies — XX*) 
E. 0. 929 ) 

to > Fertile 

B. 0.934) 


7S0 family — Xx*) 
E. 0. 935 ) 

> Fertile 


Segregating for X 


y Fertile 


E. 0. 940 J 
E. C. 941 Sterile 


and 7S2 families- 
E.C. 9451 


■Sterile 


Absence of X 


Selfed pure lines of purple-pigmented noimals and steriles, and of green nor- 
mals and steriles from clan E. C. 469 have been estracted. 

In the field the differentiation between the fertfies and steriles is definite and 
unmistakable. Apart from the actual setting., the general look of the plant, the 
peculiar aspect of the heads and the general cumulative effect of this sterility, 
so mark out the steriles, that their classification has absolutely no element of doubt 
about it. 
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However, to liave a definite measure to the segregation hetween fertiles and 
steriles, all the healthy main heads of a segregating family, E. C. 1368, were 
gathered and the iiiimher of set grains counted in each of them. These have Been 
tabulated an.d given below in liable II, and show clearly even from this measuxabie 
point of view, the definiteness in the segregation for so vague a character as 
sterility^ 

Table II. 


Wo. of grains on primary heads offemily E. C\ 1S68 segregating for sierUUy. 


Fertiles 

Steriles 

2971 

1992 

1716 

1502 

1299 

988 

497 

2687 

1974 

1712 

1501 

1290 

915 

470 

2581 

1960 

1707 

1498 

1286 

90S 

465 

2521 

1937 

1698 

1491 

1282 

906 

413 

2502 

1935 

1696 

1485 

1281 

888 

39T 

2463 

1934 

1679 

1483 

1266 

877 

371 

2440 

1933 

1674 

1483 

126S 

875 

370 

2434 

1932 

1670 

1481 

1253 

870 

355 

2393 

1931 

1668 

1474 

1243 

848 

353 

2379 

1924 

1658 

1473 

1232 

794 

332 

2357 

1921 

1644 

1453 

1231 

. • 

297 

2322 

1909 

1635 

1446 

1217 

« « 

274 

2319 

1890 

1610 

1437 

1217 

. • 

269 

2300 

1887 

1603 

1429 

1215 


267 

2278 

1878 

1593 

1428 

1214 


256 

2249 

1877 

1586 

1427 

1211 

. • 

241 

2217 

1874 

1584 

1425 

1205 

. • 

238 

2214 

1871 

1575 

1424 

1203 

. . 

235 

2209 

1861 

1509 

1406 

1191 

, , 

227 

2200 

1857 

1569 

1400 

1188 

. • 

227 

2198 

1853 

1565 

1398 

1176 

. . 

214 

2197 

1844 

1561 

1393 

1158 

, , 

168 

2188 

1823 

1560 

1389 

1158 

. , 

1 153 

2177 

1811 

1557 

1385. 

1157 

• • 

' 151 

2147 

1807 

1551 

1382 

1154 

. . 

145 

2144 

1805 

1543 

1378 

1152 

« . 

132 

2138 

1802 

1537 

1372 

1144 

. » 

130 

2137 

1796 

1535 

1365 

1131 

, , 

113 

2111 

1795 

1529 

1350 

1113 


109 

2105 

1791- 

1524 

1344 

1111 


93 

2083 

1770 

1524 

1339 

1109 

. • 

90 

2081 

1758 

1520 

1337 

1102 

* • 

87 

2072 

1758 

1517 

1336 

1092 

. . 

85 

2052 

1749 

1517 

1332 

1088 

• . 

83 

2046 

1744 

1516 

1329 

1086 

• » 

77 

2042 

1744 

1513 ■ 

1329 

1047 

. , 

72 

2029 

1735 

1510 

1325 

1039 

. . 

40 

2008 

1729 

1508 

1315 

1034 

* . 

32 , 

2007 

1728 

1503 

1307 

1026 

. • 

8 

1992 

1722 

1502 

1304 

991 

. • 

7 


Sterility—agglutinateb pollen grains. 

Description : — A second type of sterility has for its cause the absence of free 
and healthy pollen. A disintegrated mass of agglutinated pollen, devoid of con- 

P 2 
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tentSj gives the anther sacs a shrunken look and a reduced size. There is the 
usual poor emergence. The anthers dehisce. In colour, instead of the characteristic 
whitish look of the previous group, these have a creamy appearance and, in purple- 
pigmented varieties, lack that pigment on them. The pollen grains are inseparable 
and when forcibly teased out resolve into noi,is-shapen units (Plate LXIII) devoid of 
contents, and not reacting to iodine. A few flowers do produce viable pollen and 
perpetuate this type of sterility. In general effect plants that suffer from this type 
of sterility have the same empty look as the previous group. 

Imidence The range of partial setting in this kind of sterility is about the 
same as in the non-dehiscence group. In femily E. 0. 1172 segregating for this 
type of sterility, the weight of grains from 10 sterile plants gave a range from 0*17 
to 1*53 grams. Similar weights from 10 normal plants gave a range of 17*6 to 
50*44 grams. Grain counts in the main heads of 20 plants in a pure line of steriles, 
viz., E. C. 778, gave a range of 41 to 232 grains with an average of 132. Similar 
counts in the main heads of a fertile family, viz., E. C. 774, gave a range of 1697 to 
2752 grains with an average of 2164. 

The extreme liability of this type of sterility to natural crossing will be realised 


from the following figures 




Character of parent plant 

Family No. 

No. 

of 

Steriles 

No. of ' 
Natural 
Crosses 

Sterile ..... 

E. 0. 777 . 

6 

46 



E. 0. 778 ... . 

IS 

101 

9t • . . ♦ . 

E. 0 . 1178 .... 

7 

32 

99 »•»... 

E. 0. 1179 .... 

13 

40 

• • * • ♦ 

B. B. 1180 .... 

7 

21 



E. C. 1181 .... 

13 

19 

,, * • . . , 

E. C. 1183 .... 

21 

18 

,, « * , . - • • 

E. C. 1417 .... 

6 

18 

„ • • • • » 

E. C. 1419 . 

23 

28 


Inkeritance : — This agglutinated pollen has proved to be a simple Mendeliau 
recessive to the normal free and healthy pollen. A single factor named Y is respon- 
sible for the production of the free and healthy condition of the pollen grains. The 
history of the clans E, G. 214 and E. 0. 288 are illustrative thereof and their be- 
haviour is presented in Tables III and IV, 
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Table III. 

Qian No. E. G. 274. 

(Segregation for the Fertility factor Y.) 


Genetic hehamour. 
Segregating for Y . 


Pure for Y 


Absence of Y . 


Segregating for Y 


Absence of Y 


Generation 

Number 

Natnral Cross 


1924 


(Yy) 

• • 


E. 0. 214 • 




Character of sdection. 


E. 0. 771 Fertile . 


E. 0. m „ 


1,0.775 „ 


E, 0.776 „ 


E. 0. 773 „ 


E. 0.774 „ 


E. 0. 777 Sterile . 


E. 0. 778 „ 

Ft {from E. 0. 716 famUy—T y). 

6 « 

E. 0. 1146 Fertfle . 

• • 

E. 0. 1147 „ . 


E. 0.1148 „ , 

f 

E. 0. 777 Sterile . 

1 

E. 0. 778 „ 


Characters 
E’ertile Sterile 

fertile 

10'7 S8 


1NJ>IAW JDUENAI. Oi? AGEICULTtlRAI. gfJIENOl!: 

Table TV. 

Clan No. E. 0. 888. 


[I, V. 


€ie7mtie hehmour, 
Segregation for Y. « 


Absence of Y 


Absence of Y 


- 

Generation 

Humber , ' ~ 

Natiiral Cross 

1926 

(Yy) 

Fa ... 

Pa 

E. a 888 

CJiarader of seUcHon, 

E. C. 1172 Jferfciie . 


E. 0. 1178 „ . 

* • 

E. aim „ . 


E. 0. 1175 „ . 


E. C. 1176 „ . 


E. a 1177 „ . 


E. C. 1178 Sterile . 


E. 0.1179 „ . 


E. a 1180 „ . 


E. 0.1181 „ . 

• • 

E.C. 1182 „ . 

1 E. C. 118.“? „ . 

{fmn. E. 0. WZ and llS3—y y). 

1 B. C. 1415 Sterile . 

, , 

E. 0. 1416 „ . 

, , 

E, 0. 1417 „ . 

. . 

E. C. 1183-i „ . 


E. 0, 1188-c „ . 


Cbaracters 
Fertile Sterile 



Chronic sterility, short of complete sterility, is occasionally met with m Eleusine 
eoracana. The cause of- this sterility is two-fold. It may be due to the non- 
dehiscence of anthers or to the agglutination and the consequent absence of free 
pollen. Normal dehiscence occurs with the presence of the X factor. Free pollen 
is produced by the Y factor. Both the factors X and Y behave as simple dominants 
to their absence resulting in sterility. 








THE lOTEPJTANCE OF OHAEACTEES IN EAGI, ELEV8INB 
GORAOANA (GAEETH.), PAET IV. 

DEPTH OF GEEEN IN THE PERICAEP. 

BY 

C4. N. EANGASWAMI AYYANGAR, B.A., I.A.8., 

MUM Speeialist, Agrieultuml Research Institute, Ooimhalore, 

AND 

P. KRISHNA RAO, L.Ag., anb N. KRISHNASWAMI, B.Sc., 
Assistants to tiui Millet Spe&inlist, Goimhatore. 

(Eeceivod for publication on the 15tli April 1931.) 

(With Plate LXIV.) 

Ikteobuctiow. 

Young growing grains of ragi have generally a green pericarp (Plato LXIV, 
No.lffl.). This green colour shows itself while the grain is still young and enclosed, within 
the glumes, and through the transparent tissues between the glumal veins it gives 
the earhead the characteristic green look in the early stages of flowering. The 
green of the pericarp continues to be present even after the growing grain passes 
the milky stage, when about a week after, it dries off into a thin, loose, greyish 
translucent and fairly persistent membrane enclosing the mature grain. 

Pericarp types anb aother afpinitibs. 

In a few pure lines grown at the Millets Breeding Station, a variant of this 
pericarp green has been met with. This shows itself as a distinct light green 
pericarp which in the early stages gives a lighter tint of green even to the earhead 
(Plate LXIV, No. 2a.}. The growing grain, when visible, presents a distinctly light 
green look, and in purple pigmented families this lightness and the rpiicker fading 
consequent on it gives the grains a pearly prominence against the jnirple-tinged 
glumes, which resulted in such heads being called “Bleached'' in the early stages 
of the nomenclature of this character. This type can be identified even at the 
flowering phase from the ivory 3 rellow colour of its dry anther mass as against the 
pale orange yellow of the green pericarp plants (Plate LXIV, Nos. 1 and 2). In 
purple-pigmented plants with purple-tinted anthers, this distinction shows itself 
also. Anthers borne on purple plants with green pericarp dry into a cinnamon 
drab colour. The same with a light green pericarp dry into a light cinnamon drab. 

On a thorough examination, this character has resolved itself, shorn of its 
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collateral effects, into a simple differentiation in tlie depth of, green in the pericarp 
,of the young growing ragi grains. The pericarp is a tissue 5 to 7 cells thick con- 
taining a number of chloroplasts (Plate LXIV, Kos. 16 and 26.). At the optimum 
stage,' counts taken in the- two types, show an average number of 14- chloroplasts 
per cell in the green pericarp, and 9 in the light green pericarp. The cells at the 
base contain a larger number than those at the sides or the top. ^’he average 
diameter of chloroplasts in the green pericarp was found to be 7*6 p. and in the 


light green pericarp 5*5 p. 

InJiefitmice The green pericarp is traceable to the action of a single factor 
designated Ck in the absence of which the pericarp is reduced to light green. 



The following segregations in 7 families from natural crosses given in Table I bear 
this out. 

Table I. 

Fericarp — Green and Light Green, 


Family No 


Light greoB 
pericarp 


Green pericarp 


B. 0. m 
B. a 520 
B. 0. T66 
B. 0. 767 
B. 0. 768 
E. 0. 769 
E. 0. 770 


469 


The independence of the segregation for the depth of green in the pericarp of 
the growing seed of ragi from the plant purple pigmentation factors will he obvious 
from the behaviour of the Fj, of the following live of the above natural crosses, 
segregating for pigmentation in addition to pericarp green. 


Family Nos. 


Green Light green Green Light green 
pericarp. pericarp. pericarp, pericarp. 


B. 0. 

766, 767, 768, 769, 770 . 


Fg Segregation, 


Purple plant. 


Green plant. 



Characters 


Green plant 


Generation 


Green 


Genetic interpretation. 
Segregating for Ox and P. 
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In support of this conclusion the history of two other families E. C. 519 and 
E, C. 520 is given in the following tables (Tables II and III.) 

Table II. 

Clan E. G. 519. 

Pericarp — Green and Light Green, 

(Segregation for Ox and P.) 


Purple plant 


Number 


Light 

green 


Green 

pericarp 


pericarp ^ ” pericarp 


P. Plant. 
G. Peri- 
carp. 

132 


Natural Cross. 
(1925). 

(OxCxI^). 


E. 0. S19 . 


Character of selection, 

E. C. 845 P. Plant 

G. Pericarp. 


118 


E. 0. 848 


B. 0. 846 


Segregating for 0 
Pur© for P. 


E. 0. 844 


Segregating for P 
Pure for Ox. 


E. 0. 847 


E. 0. 849 


161 


E. 0. 850 P. Plant 

L. G. Pericarp 


Segregating for P 
Absence of 0*. 


Pure 


E. 0. 861 


Pure for P^ — 
Absence of 0^. 


Pure 


E. 0. 862 


E. 0, 853 G. Plant 

G. Pericarp • 


Segregating for Ox 
Absence of P. 


E. 0. 854 


E. 0. 835 


Par© 


B. 0. 856 Q. Plant 

I 4 G. Pericarp 


Absence of Ox and P 
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Table III. 

Clan E. C. 520. 

Pericarp— aJi<I Li#'*' 

(Segregation, for Ci and I*-) . 


doBeratkm. 


Number 


Cliaracters. 


Purple plant 


Green plant 


Green 


rirpra ® green 

j]«™arp 




Natural Cross, 
(1925). 
{C.iCxl»- 


E. €. 520 


P. Plant. 
G. Peri- 
carp. 




Gemtic iMerpretation, Gharacter of selection. 
Segregating for a and P. B. C. 867 P. 


Segregating for Cx 
Pure for P# 


Segregating for P— 
Pure for Os. 

Pure for Gx and P- 

Segregating fo.r P-— 
Absence of (A- 


Segregating for C. 
Absence of P. 


Absence of 0% and P 


E. 0. sm 
E. 0, 858 


E. 0. 860 
E. C. 862 


. E. 0.861 

E. 0. 863 P. Plant 

L. 0. Pericarp 

E. C. 864 . 

E. 0. 865 9* 

E. 0. 866 G. Plant 

G. Pericarp ■ 

, E. 0. 887 

B. 0. 86S »» 

B. 0. 869 G. plant 

It. G. Pericarp 
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mi 

Cx is therefore independent of P. As has already been recorded [Eangaswami 
Ayyangar and Krishna Eao, 1931] the factor 1 induces differences of depth in P. To 
find out if this I working with P could have any possible connection with the Gx 
differentiating the green of the pericarp, a cross was designed and worked to the 
second generation. Tire results presented below (Table IV) , show no connection 
whatever between Ox and I factors. 


Generatioa 


Artificial Cross (1927) 
Parents 


Fa 


Table IV. 

Independence of to I factors. 


Number 


E. 0. LIV . 

E. 0. 563 
(OxC* PP. ii) 

E. 0. 851 
(CxCx PP. II) 

(Ox Cx PP. B) . 

E. 0, 1311 

E. C. 1312 

E. a 1313 


Characters 


Purple plant 

Localized purple plant 

Green 

pericarp 

Light 

green 

pericarp 

Green 

pericarp 

Light 

green 

pericarp 

;; 

- 

9 

. . 

•• 



•• 

Fx 

.. 

.. 

.. 

112 

55 

47 

8 

120 

38 

41 

14 

134 

46 

40 

14 

366 

139 

137 

36 


=3*4 

P 

=‘3 


The experience froin crosses which occurred in nature presented in tables I to 

IV has been put to a confirmatory test by artificially crossing E. C. 889, a purple 
pigmented plant with light green pericarp, with E. C. 995, a green-throughout 
plant with a green pericarp. The first generation of this cross No. LIX gave, as 
expected, a purple pigmented plant with a green pericarp, andanE 2 (E. 0. 1470) 
segregating for all the expected four groups. 

Grain Colour and pericarp Green It has been proved in a previous paper 
[Eangaswami Ayyangar, Krishna Kao and Wariar, 1931] that white ragi lacks 
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0OO , 

■I ‘ *k TLf* of "tlio Ox factor OB. 9* wlii'to 

tlie B factors wMcli make tke grain was sought to be 

grain, and any possx ^ e re between E 0. 1009 with a white grain and a 

p,„edl>y . UgM-green p«io-p. 

green pericarp, and E. 0. ooy wi n g_ bTown mrain. The second 

firrt generation gave as ‘ ^nr^pegation and it laa been ptesible to 

generation gave 4e oti»«ted n^P^^^^^ ju, 

extract a pure type (B. 0. 2161 } “ ^ 

proves that Ox has no connection with the B factors. 

Summary. 

p„,arp of tbe deveio^ 

^■^SeLtrSidry anthere eiowaa dM^entiation in depth coireeponding to 

the depth of green of the pericarp, and is associated with i . 

refebenobs. 



THE INHERITANCE OE CHARACTERS IN RAGI, BLEU SINE 
CORAOANA (GAERTN.), PART V. 

ALBINISM. 

BY 

G. N. RANGASWAMI AYYANGAR, B.A., I.A.S., 

Millet Specialist, Agricvltural lieseareh Institute, Coimbatore. 

AND 

P. KRISHNA RAO, L. Ag., 

Assistant to the Millet Specialist, Coimbatore. 

(Received for publication on tbe 15th April 1931.) 

(With Plate LXV.) 

In the year 1925 several single plant selecdiions were taken from the variety 
Punasa Chodi of the Vizagapatam District. Of these, one selection E. C. 629 was 
noted in the seed-bed to have an admixture of many white seedlings. These were 
easily recognisable on the fifth day and showed best on the seventh day. The 
whites were characterised by poor growth and slow development both of shoot and 
root, many of them stopping with two leaves, while the greens of the same age 
had four. This poverty in growth tended to make them rather prostrate and be 
over-shadowed by the more vigorous greens. On the ninth day the leaf tips of the 
whites began to shrivel up and a day or two thereafter, the white seedlings started 
to die off. 

From the surviving greens a crop was raised. From this crop, 60 individual 
plants were harvested separately and 60 germinations made. These germinations 
were done by spreading the seed separately on wet blotting paper, laid on to an 
inch of wet sand in a shallow zinc tray, 15 inches square. The seedlings though 
lean and drawn out were easily separable into greens and albinos about the fifth 
day and in this manner large masses of germinations could be quickly worked off. 

Of the 60 germinated, 20 furned pure and 40 were noted to segregate and throw 
albinos — a remarkable coincidence to the theoretical ratio. The counts obtained 
from these 40 families are given below (Table I) and prove the existence in this 
family of a single factor difference betw'een greens and albinos. This factor is 
(iesignated C and in its absence the plants are incapable of developing chlorophyll. 
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Table I. 

Clan E. C. 529-F^. 



Green and Albino seedling numbers in 40 s egregating families. 

Ratio per 400 


Total . population 


G reen seedlings 

Albino seedlings 

2,801 

722 

648 

186 

1,749 

614 

724 

223 

1,999 

620 

2,014 

638 

2,312 

736 

2,197 

705 

1,8G6 

600 

1,213 

388 

869 

278 

2,615 

820 

2,362 

762 

2,182 

70i 

1,302 

422 

2,907 

960 

2,905 

954 

2,389 

792 

2,093 

703 

1,651 

552 

2,364 

797 

2,327 

784 

2,079 

699 

2,071 

703 

1,983 

676 

1,195 

407 

2,049 

710 

1,934 

670 


671 



TAB1.E 1—emtd. 

Clan E. C. 529-F s---oontd. 


Total population 

Green seedlings 

Albino seedlings 

per 400 

2J,liO 

1,603 

557 

297 : 103 

3,517 

2,601 

916 

296 ; 104 

3,265 

2,419 

846 

296 : 104 

3,011 

2,231 

780 

296 ; 104 

2,532 

1,848 

084 

292 2 108 

2,375 

1,734 

641 

292 ; 108 

1,850 

1,345 

505 

291 : 109 

3,251 

2,359 

892 

290 : 110 

3,094 

2,246 

848 

' 290 ; 110 

2,057 

1,481 

576 

288 ; 112 

1,737 

1,250 

487 

288 ; 112 

2,552 

1,817 

735 

285 : 116 

103,820 

77,639 

26,181 

299 ; 101 

Tlieoretical Numbers . 

77,866 

25,955 

300 ; 100 


A further stage in alMno experience was met with in the year 1927 in family 
No. E. C. 835. The segregation of this family was noticed in the seed-bed and 
gave, when counted, 3782 greens and 263 whites. The poor number of whites 
stimulated further pursuit. 100 selections were carried forward to raise a third 
generation. It may be mentioned that this family was segregating for the 
Pericarp Green ” (Cs) factor [Eangaswami Ayyangar, Krishna Eao and Erishna- 
swamy, 1931] also. Of the 100 selections taken, 78 were from the “Green 
Pericarp ” and 25 from the “ Light Green Pericarp The 100 selections were 

germinated and their behaviour is given below : — 




Green ti 

0 Albino 


Pure Greens 

15:1 

3:1 

Green Pericarp group (75) . , . , , . ^ 

32 

23 

20 

Light Green Pericar|) group (25) » , . . . 

11 

7 

7 


43 

so 

27 

Theoretical ratio ^ 

7 

4 

4 

X2=-75 P=*7 
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It -will be noticed that the pericarp character had no influence on this albino 

^^^TCdetailed counts of the 30 families throwing albinos in the 15 : 1 ratio and 
the 27, giving a 3 : 1 ratio are presented in the following ta ) es . 


Total popuiaiion 


Table II. 

CUn E. C. 835-F^. 

27 families segregating— 3 : 1 ratio. 


Green seedlings 


Albino seedlings 


Eatio per 400 




■ • . 


! 
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Table II — erntd. 

Clan E. C. 835-Fs. 

27 families segregating — 3 : 1 ratio— cow/J. 


Totia! populafioii 

GreeE seedllags 

Albino seedlings 

Eatlo per 400 

1,093 

m 

270 

301 

; 99 

746 1 

, 559 

187 

300 

: lOf) 

1,121 j 

837 1 

284 

299 

s iCil 

1)70 1 

. 724 

246 

299 

: .101 

■ 1,012 , 1 

752 

260 

297 

; 103 

33,S20 

. . '26,010. 

7,810 

307 

; '93 

Tiieoretfoa! Numbers. 

26,365 

8,455 

300 

: 100 


Table III. 

Olan E.O.S35-F.^. 

30 families segregating — 16 : 1 ratio. 


Total population 

Green seedli,iigs 

Albino seedlings 

Ratio per 1,6(,N} 

949 

907 

42 

1,529 

: 7i 

1,518 

1,447 

71 

1,525 

: 75 

2,180 

■ 2,076 

104 

1,524 

; 76 

ra 

830 

4Si 

„ 1,521 

s ' 79 


1,039 

55 

',!/>20 

: '80 

1#3’7 

« 

Ii4 

i/il7 

; .S3 

- mz 

901 

60 

1,616 

: 84 

1408 

i,049 

59 

l,SiS 

s 85 

1,785 

1,687 ,, 

98 

1,512 

; 88 

1,1)26 

967 

58 

.1,509 

s Hi 

1,646 , 

1467, 

so'. 

l,5C)b 

; ., 92 

1,1)05 

947 

58 ■ ■ . ■' 

1,508 

; 92 

§69 

913 

66 

1,508 

; ,92 

1,603 

.141.6 

87 

1,607 

; 93 

■ 1,S14 

1,238 

76 

1,507 

: 93 



INDIAN JODEKAL OP A6EICXJLTTJEAD SCIENCE 

Table III — mnid,. 

Clan E. C. 83o-F^. 

30 families segregating— 15 : 1 ratio— 


[I, V. 


Total population Green seedlings 


Albino seedlings 


Ratio per 1,600 


1,218 

1,147 

71 

1,507 

; 93 

1,204 

1,133 

71 

1,506 

j 94 

1,062 

999 

63 

1,506 

: 95 

©96 

935 

61 

1,502 

; 98 

1,204 

1,129 

75 

1,500 

I 100 

1,09:1 

1,025 

68 

1,600 

: 100 

1,223 

1,146 

77 

1,499 

: 101 

1,170 

1,094 

76 

1,496 

; 104 

1,627 

1,520 

107 

1,495 

; 105 

777 

726 

61 

1,495 

; 105 

772 

721 

61 

1,494 

; 106 

1,209 

1,1X9 

81 

1,492 

: 108 

724 

676 

49 ^ 

1,492 

; 108 

553 

616 

38 

1,490 

; 110 

939 

868 

71 

1,479 

; 121 

34,62! 

32,611 

2,010 

1,506 

: 94 

Theoretical Numbers, i 

32,457 

2,164 

1,500 

; 100 


It will tliuB be evident that not one, but two factors are responsible, either 

independently or conjointly, in the production of green in a seedling. These chloro- 
phyll factors have been called Ci and C 2 . 

As has been mentioned already Clan E. C. 835 was segregating for the Cxeen 

Pericarp” factor, giving both green and light green pericarps. From the Eg of 
this Clan, presented in Table II, homozygous greens of both binds of pericarp were 
isolated for crossing with each other. These homozygous ^ ones being either 
C 1 C 1 C 2 C 2 , or CxCiCgCa, a series of intercrosses were done with a view to put together 
Cl and Cg and bring out a later segregation of a dihybrid type, in which the 
absence of both will yield albinos. In this work pericarp green sepegation came in 
very handy to spot out the success or otherwise of a cross even in the Fi stage. 
The mothers were Light Greens and the male parent was a green pericarp. All 
EiS that gave a green pericarp could thus be set down to be successful crosses. 
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Tie following parents extracted from tie segregations of Table II . were used : — 

§ Light Green Pericarp • , « « * ■ « « « » , . E« C. 1568 

E. C. 1570 
K 0. 1571 
E. 0. 1572 

Green Pericarp . « » « « ® ® « E, C. 1567 

Tie beiaviour of the crosses is given in Table I¥, 

■ Table IY. 

Ql^fh Oo S3f5e 

Artificial Crosses to induce Albinism. 


Cross No, 

Parents 

Extracted types for 
■Cl or Gg. 

No. of 

plante. 

Beliaidoiir 

Green, 

WMte, 

E. C. CLVI . . . 

$ 

E. 0. 1672 

I <? 

E. 0. 1567 

S 

AH 






Ai 






A1 


B. 0. CLIX . . 

E. 0. 1568 

n 

6 

AH 






All 






All 






AH 






All 






All 


KaCLVII . . • , , 

E. 0.1670 

99 

S 

162 

11 





514 

36 





340 

22 





398 

26 





840 

59 





298 

18 





702 

: ,47 . 





641 

' 39 

E. C. CLVIII , . 

E. C. 1671 

99 

3 

479 

24 





261 

16 





167 

10 . 

Total of Pa segregates ■ « 




4,802 

308 , 


B 2 


I 
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I. the eW fte “ul'Z 

!; ^h:r/2: rr^ ' .. o: ---- 

w p:!:llt'to ^^.5 Cdpehle of piodueiog .Ihioot ou mototg. 

Summary. 

dhtof-ot- C ..dC edhetolodo ot^^^^^^^^^ 

T:^ thot in the Id the, s.gteg.ted and fir™ alhmoe on. In ^teen. 

The factor C. inducing a differential depth m the perxcaip ha. no intlie .c 

whatever on 0i or C 2 . - 

reference. 

E.ng»awamiAyyaasar. Kmhna Bao aad Krishnaswamy (1931). M.J. oMgrfc. Sd. 5G4. 



INHERITANCE OF COROLLA COLOUR IN SOME INDIAN 

COTTONS. 

BY 

G. L. KOTTUR, M. Ao., 

Cotlon-Bmder, Dhrmmr, Bombay Pr&nden&y ; 

B. B. MUNDKUR, M. A., Ph.D., 

Oolton Beseareh Laboratory, Dhanoar ; 

AMD 

S. S. MARALIHALLI, B. Ag., 

Assistant Gotton Breeder Dharwar. 

(Received for poblication on the 6th Jone 1931.) 

Intro DUCTiOK. 

Several investigations have been published reporting the mode of inheritance of 
some characters in cotton. Kearney [1930] has recently surveyed the present 
knowledge of inheritance of such characters about which more or less convincing 
evidence of monohybrid or dihybrid inheritance has been adduced. The manner of 
inheritance of still other characters is as yet rather obscure and even in the case of 
those that have been rather carefully studied, a definite alternative maimer 
of inheritance has not been found excepting in a very small number of cases. In 
the case of quantitative characters, the expression of a great number of them occurs 
in degree of magnitude rather than as qualitative classes and Fg frequency distri- 
butions give unimodal curves, rendering interpretation difficult. Even in the case 
of a comparatively simple factor like petal spot, there is no unanimity of opinion 
and an explanation has been advanced that that is because crosses have been 
usually made between difierent species, complicating the issues. 

There have been under investigation for the past four or five years at Dharwar 
a few species crosses involving red anthocyanin pigmentation of the corolla. The 
mode of inheritance of this character has been found to be due to a simple 
Mendelian factor in one case and to two factors in the other cases under study. In 
spite of the fact that different species were involved in the crosses, the inheritance 
* was surprisingly clear-cut and it was thought worth while to publish the data. 
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Previous investigations. 

fteviouB woi on ti. inheriW of “'“f “ ’’H/nC'' 

k, Kea,n.y in fto p.per ^ aboo^nd al» 

0 inberitano. of «Ki <»roll. colon, in cotton pbmtc and then work «. 
‘""rftlmtbereonlt of cro^ng a rod-«ow«.d Indian cotton 

with nerwicrcd variety. In the P, generation equal n„mb«. of reda and 

yelllwB were obtained while in the F. geneiaticn. there wae 

Ms [1908] kas suggested that Fletcher’s material was heterozygous and that seem 

^ ^The^wk of Sake [1911] was more convincing and elaborate.^ His crosses 
involved types that had red, yellow, and white flowers. Both m his 
Sited clt and red-white-flowered cross, the F, 

according to him intermediate. In the subsequent progenies he states that red 

corolla cdour was inherited on the basis of a 3 : 1 ratio m the case of the form r 
(red yellow) cross and on the basis of a 9 : 3 : 3 : 1 ratio in the case of flhe latter 


Mateeiads. 

The Mowing species of Qossyfium were used as parent material in the 

"^"^Gssyfium smguimum Hassk. is a cotton having flowers with red-coloured 

corona. It is usually grown in the Punjab and has been in 

Dharwar Farm for the past ten years. In all the crosses it was used as the male 

Urbaceum L. is a yeUow-flowered cotton and the variety used in the crosses 

is a selection known locally as Dhaiwar 1 cotton. u +1,^ 

6. neglectum var rosea G. is a white-flowered variety from e erar a 
Central Provinces. The other white-flowered variety was G. neglectum sub var. 

cuiohim G.^ described by Gammie [1907]. Highly inbred 

material of aU the four species was used in the crosses. The method of selfing has 
been described by the senior author [1923] in a previous publicatioii. So tar as tke 
flower colour is concerned, there is not any doubt regarding the omozygosi yo 

the parents. _ . , ^ 

The plants for crossing purposes were selected in the morning, and 
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emasculation of the ovule parents, both they and the pollen parent flowers were 
bagged. Crossing operation was done in the afternoons on the same clay and the 
crossed flowers were protected by bagging for a period of 3 to 4 days. In later 
progenies the flowers were merely ‘ selfed.’ 

Results. 

I' 

(L liefbace’iimxG. sangnineiim :~K witt wMch has yellow 

flowered petals, as the female parent and G, sangumeum. as the male parent was 
made in 1926, For the study of the F^ generation, about 100 plants were available. 
The corolla colour in this generation was red but it was not the deep red colour of 
the parent. That there was some dilution of colour was evident. In the year 
,1928, the Fg generation was grown and 4-98 plants were available for study. Tlie 
segregation for corolla colour occurred in the manner shown in Table I. 

f Table I. 

^ Segfegation of 498 Fg plants for cofolla colour compared with edenlafed numbers for 

3 il ratio. 


Phenotype 

Observed 

Calculated 

' Deviation 

Dev./P.E. 

Red . . . 1 

372 

. 373*5 

1*6' 

0-23 

Yellow . . . j 

126 

■ 124*5' 


•• 


The observed figures and calculated ones show good fits. Though there was 
dilution of red colour in the Fj generation, the F 2 segregation is in a S : 1 ratio, 
showing dominance of red pigmentation. The, cross was, not further studied, 

G. negleetum mh. Yser. entchicaXG. smguineun : — This cross was made in the 
year 1925, The white-flowered parent was, the female and the red-coloured 
smguineum parent was the male. There were nearly 100 plants in the F^ gene- 
ration for study. The corolk' colour was not like that of the parent in this case 
also, and some dilution of the pigment was again apparent. 

In the Fg generatbn there were only 145 plants but the segregates were red, 
pink, yellow and white. The pink colour was not like that of rue Fj generation 
colour reaction, which in comparison seemed to be distinctly redder. The figures 
obtainedare , given in Table II. ' 
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AGRICULTDBAD scibnce 


Sm^galioHof UoF^^plmUs for ooToOa eolom 

9 : 3 : 3:1 raUo. 


Table II. 

rdla eolom emnpared toith oaleulated numbers fm 


Fk.eiic.it(y|>ei 

Olmsved 

.1 

Oaleulated 


(0 - C)“^ 

' . C 

Bed « . 

Pink * ^ 

84 

; 27 

82 

27 

2 

0 ■ 

1 *487 



27 


Iwl 

Yellow . 

8 



'111 

\v iiite » « • 



I Total 

1 

*635 


VJueB of p wto X‘ is l«s than ooe ar. pot givon, but thsoiy aud “ 

fc Xvs case could barfly ag.ce ,uore perfectly. Tber. are thus two (actor patus 

‘“^'CX^luIta yielded result. furtb« 

audWtbeiaberitauoeof corolla colour of plants selected m tbel, generation 

are given. 

Table III. 

of 97 F.yi>l(tnls for eorolM eolom compared wiLluuMiiUted numlj&r^ fw 
10:6 ratio. 


J?l:i,eiiotype 

Observed 

! 

Deviation 

l)ev./P« E'* 

rteil « » * ' 

47 



Pink * « * * 

Yellow 

Wkite * • 

2(> 

18 

6 

7-25 

I . 

2*3 


A. onlv two genotypes deviated trom tne caicmai;ea nuiuuex., ...e» 

tnf.nnlied Instead tKe reds and whites were added together, as also the pinks 
!nd ^Uows. The departure of these observed figures from the calculated ones on 
tL ha^is of a 10:6 ratio was determined, and after finding the probable error, 
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wlietker the deviation was a sigEificant or an imignificaEt. one was noted. The 
deviation was not very significant, odds being 7*28 to 1 . 

Table IV. 

Segn{g($tmi in fie^iemHon for corolla colour emupared wUh rnkudafed uomhetf^ for 
3:1 f(dio and of plants tlml bred ime. 


The F 3 generation data further demonstrated that red-petalled flowers when 
crossed with white-flowered ones were inherited in a dihybrid ratio. A few 
phenotypes, red, pink, yellow and all whites, bred true as is to be expected. 

G, neglect'um var. rosea X G sangninenm This cross was also made in the year 
1925. The white-flowered parent was again the female. In the Fj generation the 
red colour of the corolla showed dilution as in previous cases. The F 2 segregation 
is giveii' ill the Table V. 
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Table V. 

&«„»({.» cf m f, pteB /or ooroUo colo., ompmi «A clmhled numUfo for 

10:6 mtio. 


Phenotype 


Observed 


)eviatioii 


Dev./P.B. 


fliifc 








46 

Bed . . • • • 

_ . 2S 

Pink , . • • 

10 8 2-S 

YeUow . . • • 

o # * 

White .. . • • ' 

10-,6 ratio basis by aaa«gtl,ieds and tbe rrbrtes tog.tber “O “! 

,.lIo™ togstker and noting the deviation iiom expeetod Sgn.es In J 

ration there rrere several se.dBng deaths due to ftsan~ n. t Tte 
of finding the goodness of fit for ratios segregating m more than two classes, -wn 
not beini very accurate, accounts for differential viability, etc., and was useful m 
this case because of the seedling disease. i ' .xa oIaha 

For the 3?3 generation tests only pink, yellow and white-flowered plants alone 

were available. The results are tabulated in Table VI. 

Table VI. 

Segregation of F^gmeratim for corolla colmTcom^P^^^ with calculated numbers for 


Fa plant F,> Pheno- 

■XT... ’f-.TrriKaa 


Pink 

White 

White 

Pink 

Pink 

Yellow 

Yellow 

Yellow 


tj »JL fWOVi/ W'l-W * J} 

Fg progeny 


Pink 

Yellow 

White 

92 

•• 

81 

• • 

... 

82 

69 

• * 

24 

47 

• • 

17 

, , 

50 

15 

... 

67 

24 


60 

1 i 

19 


Dev./ P. E. 


Breeds trae. 
Breeds true. 
Breeds true. 
S-25 I 


1 
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Fg progeny bred in a manner wMcIi is in conformity with assumed hypothesis. 
Depart, iires of observed figures, from expected ones were on the whole not significant. 

Discussion. 

The mode of inheritance of corolla colour in cottons is found to be a compara- 
tively simple matter. Inheritance was clear-cut and unambiguous even though 
difterent species were concerned in the crosses. The red colour of the corolla is 
due to an anthocyanin pigment and it appears to be dominant over yellow and 
white colours, even though slight dilution of red colour takes place, in the Fj gene- 
ration. 

The following factorial hypothesis is suggested: 

EE=pmb colour of corolla ; rr=White colour ; 

YY=Yellow colour of corolla ; yy— White colour. 

From the data it can be concluded that the presence of both E and Y is neces- 
sary for the expression of the red colour in the petals. E alone gives pink colour 
and Y alone gives yellow colour. The genotypic composition of the parents would 
then be : — 

G, sanguineiim=KRYY , 

G. Jiefbmeiim=nYY, 

G. n, fosea^iTyj, 

G» n, f. Gutchim=iijj. 

The Eg genotypes and their breeding behaviour in the F3 generation for the 
cross 6r. rosea G. smgidneum would be as follows : — 


F 2 genotypes 

Parts of 16 

Breeding in as i — 

RRYY(red) . 

I 

Breeds true. 

RBYy(red) . 

2 

3 red : 1 pink. 

RrYY (red) , 

2 

3 red : 1 yellow. 

RrYy (red) , « 

4 

9 red : S pink : 3 yellow ; 1 white. 

EByy (pink) . « 

1 

Breeds true* 

Bryy (pink) . * , » 

2 

3 pink ; 1 white. 

rrYY (yellow) 

1 

Breeds true. 

rrYy, (yellow) 

2 

3 yellow: 1 white. 

riyy (wMte)' . . 

1 

Breeds true. 
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It maT be stated here that Gammie [1907] has described a variety occumng m 
nature which has pink flowers and which he calls G. var. 

Even in the case of the inheritance of yellow pigmentation of corolla there 

does not seem to be much complication. The senior author in a 

tion has published data of a cross where he used the same yellow-coloured ami 
white-coloured parents as were used in these crosses. He then divided the - 2 

segregation into thme classes, full-yellow, pale-yellow and white. .That thy>ah. 

y,kw colour was merely a case of dilution of colour due to the presence of two 

factors for white, rr and yy, is evident from the study of the 

this paper. The segregation of yellow colour was on the basis of a 3.1 ratio as 

shown in Table VII. 


Table VII. 

Segm/ation of 1057 flanU as to corolla colour compared mth oahulaled numbers for 

3:1 rMio. 


.Phenotype 

Observed 

Deviation 

Dev./P. E. 

Yellow . 

805 

■ 

.. 

White 

252 

12*25 

1*S 


The explanation furnished by Harland [1929] that inheritance is on the basis 

of 39:9:16/ wWle being veiy attoctivejs B.0t from tlie data presented m 


presented in this paiier further [1911] whose coriclu. 

sions regarding inheritenoe of red corolla colour was the same as arrived at here. 


Summary. 

1 . Crosses were made in 1926 and 1920 between white-flowered and red-flower- 
ed and yellow and red-flowered cotton plants. 

2 . in the F, generation, the colour of the corolla was red, though the mtensity 
was not as much as that of parent, some dilution of colour being apparent. 

3. In the case of the yellow-flowered and red-flowered plants segregation in the 
F, was according to the simple Mendelian ratio, 3:1. 

In the case of. the white flowered and red flowered plants segregation was on the 
baftis of 9:3:3:1 ratio. 

4. F 3 segregation further proved the assumed hypothesis. 
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Setaria italica, the Italian Millet, is a small-grained cereal grown extensively in 
India. It covers an area of about one and a half million acres in the Madras Presi- 
dency and is grown in close association with cotton. 

This cereal has been under study at the Millet Breeding Station from the year 
1928, and this paper records one portion of the progressed work, namely, the nature 
of the various grain colours, their inter-relationships and inheritance. 

In the grain of this millet the rice is enclosed by a glistening husk of thickened 
fourth glume and palea. This husk takes on varying colour’s, and gives rise to the 
many varieties of grain met with. The commonest colour is a Buff, designated, by 
its characteristic association with this millet, Korra Buff, after ^’orra, the Telugu 
name of this cereal. This name has been adopted to introduce the basic individua- 
lity of this Buff. Including this Buff the following six colours were met with and 
studied : — Black, Sepia, Tawny Buff, Korra Buff, Red and Tawny Red. (Plate LXVI.) 
These six colours fall into the two groups Blacks and Non-blacks. In the latter are 
the four colours. Tawny Buff, Korra Buff, Red and Tawny Red. These four colours 
faU into the following two pairs : — 

Tawny BuS and Bed. 

Korra Buff and Tawny Bed. 

Koira Buff and Tawny Bed are the lighter shades and with the addition of a 
factor I are intensified into Tawny Buff and Bed respectively. The starting point 
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for this colour scieme is tlierefore Tawny Red. To tMs colour tte additioa of a 
factor K (after Korra) makes it Korra Buff. 

On tMs E’oB.-blacb group, a third factor B operates to fom the Black group. 
This B factor shows its blackening effects only in the prcisence of the I factor, for 
example, Reel with the B factor turns into Sepia and Tawny Buff with the B 
factor turns into Black. The basic colours Tawny Bed and Korra Buff could, how- 
ever, carry the factor B, but would require the activating effect of I to manifest 
the presence of this factor in them. 

■With the coming in of the K factor the colour schemes have tw^o staiting 
points with the basic difference that in the first one Tawmy Bed, the factor K is 
absent and in the other one Korra Buff, the factor K is present. This basic 
difference groups the colours as follows : — . 


With K. 


Without IL 


Black. Sepia. 

Tawny Buff. Bed, 

Korra Buff. Tawny Bed. 

The interaction of K, I and B factors in this general scheme is graphically 
-presented in the following structural formula. 


Tawny Buff 


Korra Buff 


Tawny Bod, 


The following tables present data in support of the above interpretation. 

The first set of tables (Tables I, II, III) pertains to the non-black group and 
deals with the four colours, Tawny Buff, Korra Buff', Bed and Tawny Bed. For 
a casual look, in any family segregating for all these four colours, Bed will be the 
only outstanding colour, easily singled out. Kext to Bed, Kona Buff is separable. 
The confusion will be in the separation of Tawny Buff from Tawny Bed. Some of 
the Tawny Buffs are easily mistaken for Korra Buff. Weather, and the particular 
stage of ripeness at which to read off the character, have some influence on the ease 
with which the groups are made. Often, bristles and worse, segregates among 
bristles, tend to add to the confusion. These difficulties notwithstanding, after a 
little practice, separation is fairly easy. Anyway, more generations and the possi- 
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bilitv of simplifying the segiegates, coupled with crosses between extracted pure 
lines, leave absolutely no doubt as to the individuality of the shades leading to 
possible confusion. This aspect is stressed here to account for the absence o. 
figures in the 'Fawny Red column of some of the F-^s. It took a generation more to 

single out the doubtful groups. . 

The experience of a 12:3:1 ratio of Orange, Red and lellow grains recorded by 
Svuiti Saito [1923] where ' Orange ’ and ^ Yellow ’ were often scarcely distinguisi- 
able. would seem to correspond to the 9:3:3:1 diliybrid experience detailed below, 
where Orange embraces our Tawny Buff and Korra Buff, and Yellow stands for our 
Tawny Bed. 


> 


Table L 



Family No. 


Norm 
bbi 


a I. 842 


S, I, 1,439 1440, 1441, 1444, 
1445, 1446, 1447, 1449, 
1460 (bbliKk). 

S. I. 1448 (bbliXK) . 

S. I. 1442, 1443 (bbllKk) , 

8. 1. 1451, 1452, 1453, 1454, 

(bbiiKk). 

8. 1. 1456 {bblikk) 

8. 1, 1456, 1457, 1458, 

(bbHkk). 

8. 1. 1469, 1460 (bblikk) 


.142 

102 

pure 


Korra- Bui 


Tawny Rad 


Pure for abseme of B, Segregating for K and L 


Natural Gross. 

B 2 » • « 

Fa 

CkaraM^ of Seke^ 
Tawny Bui 


1122 
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Table II. 

Pure for absence of B, Segregating for E mid L 



. 

i 

Grain Colours. 

Generation 

Family No. 

Tawny 

Buff 

bbllKK 

Korra 

Buff 

hhiiKK 

Red 

bbllkk 

Tawny 

Red 

bbiikk 

Natural Cross (1926). 






P, . . 

S. I. 291 , 

55 

_i 6 

15 

? 







Gharader of Selec- 
tions, 






Tawny Buff 

aL 892, 894 (bbIiKk). 

351 

im 

116 

41 

»» » • • 

S. I. 897 (bblilO^) 

SOI 

79 

.. 

•* 

„ ,5 . . 

S. L 895, 896 (bblffik). 

623 

• • 

154 

•• 

if 99 • • 

S. I. 891, 893 (bbllKK) 

Pure 

• • 

•• 

.. 

Korra Buff 

S. I. 89S (bbiiKk) 

•* 

198 

•<* 

66 

Bed . 

S. I. 887, 889, 890 (bblikk) . 

•• 

•• 

846 

SOS 

99 * • • 

S. I. 888 (bbllkk) 


•• 

Pure 


F 4 (from S. I. 897)— 






Taimy Buff 

8.1.1801, 1503 . 

Pure 

•• 


.. 

99 • » • 

S. 1. 1502, 1504 . . 

317 

96 

.. 

.. 

Korra Buff 

S. 1. 1605 .... 

•• 

Pure 

•r 


P 4 (from S. I. 895)— 






Tawny Buff 

S. 1. 1493, 1495, 1496 . 

Pure 

•• 

•• 

.. 


8. 1 1494 . . . . 

86 

•• 

16 

•• 

Bed . 

8 . 1. 1497, 1498, 1499, 1500 . 

•• 

•• 

Pure 

.. 

.P 4 (from S. I. 898)— 






Korra Buff 

8 . 1. 1507 . .. 


Pure 



99 99 * . • 

8 . 1. 1506, 1508, 1509 . 


145 

.. 

so 

Tawny Red 

8 - 1. 1510 .... 

•• 

.. 

• * 

Pure 
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Pure for absence of B. Segregating for 


Grain Colours 


Tawny 


Family No. 


Korra 

Buff 

bbiilCK 


Tawny 

Buff 

bbllKK 


Bed 

bbllkk 


Generation 


Bed 

bbllkk 


Natural Gross (1926). 


Character of Bdec- 
Urns . 


S. I. 877, 878 (bbiiKK). 

S. I. 879, 883 (bbiiKk). 

S. I. 880, 881, 885 (bbllkk) 
S. I. 882, 884, 886 (bblikk) 


Korra Buff 


Natural Cross (1926) 


S. L 743 . 

S. I. 1010, 1012, 1014, 1017, 
1019 (bbllkk). 

S. 1. 1009, 1011, 1013, 1015, 


Natural Cross (1928) 


tables, it will be clear that two factors are at 
Buff, Eed and Tawny Eed. 
)ve natural hybrids an arti- 


From a study of the foregoing 
work in the segregations involving Tawny Buff, E 

To confirm the experiences derived from the , -r. ■, „ r tt, i x 

ficial cross was made between a Korra Buff (bbiiKK) S. I. 1256, and a Eed (bbllkk^ 
S. I. 1200, and true to expectations gave rise to (23) hybrids with Tawny Buff 
grains (bbiiKk). From these, four Sieads S. I. 1882 to 1885 were sown in summer 
1931 and segregated for Tawny Buff, Korra Buff, Eed and Tawny Eed with a total 
population of 753, 400, 313 and 125 respectively. 


INHERITANCE OF CHARACTERS IK SETARIA ITALICA, PaRT L 591 

We now come to tlie Black group. As already indicated tlie Blacks consist of 
two sliades Black and Sepia, Sepia with the K factor produces Black. The Sepia 
and the Black are not easily separable to begin with, hut 'with a little experience 
this could be done. The Sepia represents the B factor superimposed on Eed. In, 
immature grains of Sepia, the red back-ground underneath the black wash serves to 
mark the Sepia out. In the Blacks a similar immaturity shows out on a Buff 
background. 

The following table (Table IV) presents a family No, S. 1. 874, segregating for 
this factor K only. 


Table IV. 


Pure for B and Z. Segregating for^ K. 




Grain Colours 

Generation 

Family No. 

‘ Black 
BBIIKK 

Sepia 
BBIIkk ^ 

Natural Cross 
(1928) 




F. .... 

S. I 874 

195 

67 

Pg Character of Selections 




Black 

S. S. 1185 (BBIIKK) ■ • 

Pure 

•• 

it « • • 

S. I. 1186 to 1196 (BBIIKk) 

i 1966 

600 

Sepia 

S. 1. 1197 & 1198 (BBIIkk) 

.. 

Pure 

F, (from S. I. 1195)-™- 




Black 

S. I. 1781 to 1784 (BBIIKk) , 

923 

317 

Sepia 

S. I. 1785 (BBIIkk) . • ■ • 

' 

Pure 




F 2 








Pwe for B and K. Segregating for /, 


Oeiicratioii 

Family No. 

■ Grain Colours 

Black Korra Buff 

BBIIKK BBiiKK 

Natural Cross 



i 

■ (1922) 




« It « ■ . 

S. 1. 109 , . . > . . 

10 

2 

Fa CMracter of Selections 




Black ■ . • 

S. I. 216 to 219 (BBIiKK) 

m 

150 

Korra Buff ' « 

a 1. 220, 221 (BBiiKK) 

•• 

Pure 

F4 (from S. I. 219)— 




Black 

S. I. 367, 369 (BBIIKK) 

Pure , 

.. 


a I. 365, 366, 368, 370 (BBiiKK) 

154 

47 


In the nest set of tables the families are pure for the K factor and segregate 
for the E and I factors. When pure for K, the expressions of the I factor are not 
so definite, with the result that the separation of Tawny Biif and Kona Buff is very 
difficult. On this account till the Eg stages of this experience, in the segregates 
Black : Tawny Buff : Korra Buff instead of the 9 : 3 : 4, the separation partook of 
the surer 9:7 ratio of Blacks to Buffs (Tables VI and VII). 

The segregation of grain colours into Buff, Yellow and Black in the ratio of 1 : 
1*4 : 3*2 noted by Woodhouse and Ghosh [1911] could be fitted into these experiences, 
their Buff and Yellow corresponding to Tawmy Buff and Korra BufiE of these tables. 
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Table VI. 

Pure for K. Segregating for B and I. 




Grain Colours 

Generation 

Family No. 

Black 

BBIIKK 

Tavmy 

Buff 

Ivorra Buff 



kbiiKK; 

BBiiKK j bbiilviC 

Natural Cross 
(1926) 

S’* • • . . 

S. I. 287 , , . . 

30 


v- ' 

34 

Character of Bdec- 
tions — 

, Black . ' » 

S. S. S65, 8C7 (BBIIKK) 

4 Pure 




S. I. S64, S6G (BbliKIC) 

275 


218 

Korra Buff 

8.1. 803,869 

•• 


All 

(from S. I. 864)— 
Black 

8. 1. 1473, 1486 (BBIIKK) . 

Pure 


. » 


8. I. 1408, 1471, 1472, 1474, 
1475, 1477, 1478, 1480, 
1483, 1484, 1485, 

(BbliKK) . 

DOG 


704: 

0 ® 

S. I. 1407, 1409, 1470, 1470, 
1479, 1481, 1482, 

(BBliKK) . 

759 


272 


Table VII. 

Pure for K. Segregating for B and I. 




Grain Colours 

Generation 

Family No. 

Black 

Tawny 

Buff 

bblllOC 

Korra Buff 



BBlilvK 

BBiiKK j 

bbiiKK 

Natural Cross 
(1926) 

Fg . . . , . 

8. 1. 280 . 

50 


”Y“^ " 

41 

- 

Fg Okaracter of Selec> 
Horn — 

Black 

8. 1. 844, 845, 847, 849, 851, 
(BbliKK) . 

6S0 


523 


9f 

8. 1. 846 (BbliKK) 

212 ' 

88 



»» • * 

8. 1. 843, 848 (BBiiKK) 

333 

- 


137 

Non-blackS' 

8. 1. 852 to 863 . 



All 
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The separation of the Buffs and the artificial production of Black by ciossm. 

Buffs was attempted by making intercrosses between Buffs of families b. I. 858, 

m 860, 861, 862, 863, and 868 and 869, of the three inseparable genetic compmi- 
+,ions bbllKK. BBuKK, and bbiiKK, according to the following scheme with the 



results noted, against eacli. 


S. I. Cross No. 


XIII . 

XIV 

XV 

XVI 


Parents 

S I. 858 X S. I. 869 

„ X a 1. 860 

„ X a I. 861 

„ X S. I* 862 




E 


No. carried 
forward 
to E2 


All Bufe 
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It will be obvious that tlie Biifls producing tbe Black FiS fall into two groups 
with, one or other of the genetic compositions, bbllKK, BBiiKK. The F2 fconi the 
24: selections carried forward is presented in Table VIIL 


Table VIII. 




Grain Colours. 

Generation 

Eamiiy No. 

Black 

Tawny 

.Korra Buff. 



BBIIKK 

juun 

bbllKK 

BBiiKK bbiiKK 

Parents. 

Buffs of (bbllKK) and 

(BBiiKK) 

. • 


~*v ^ 

F, ... 

S. I. Gross XXV . 

•• 


.. 


xxxm . 

.. 




XXXVI . 

.. 


.. 


XL . . . 



- 

F, .... 

(From S. I. Cross XXV)— 





S. I. 1274 to 1279 

(BblilCK) . 

321 


300 

Fg .... 

(From S. I. Ci*oss XXXIII)— 





S. I. 1280 to 1285 

(BbliKK) . 

218 


203 

F, ... 

(From S. I. Cross XXXVI) — 





S . I. 1286 to 1291 

(BbliKK) . 

423 


316 

F, . . . . 

(From S. I. Cross XL) — 





S. 1. 1292 to 1297 

(BbliKK) . 

450 


353 


Total 

1,412 


1,172 


II 

H 





11 

0 
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The following table gives the history of a clan pure for the B factor, and segre- 

gating for botli tlie factors EL and I. 




Pure for B. Segregating for K a nd L 


Cieiieratioii 

Family Ko. 

Grain Colours 

Black 

BBIIKK 

Sepia 

BBIIkk 

Korra 

Buff 

BBiiKK 

Tawny 

Bed 

BBiikk 





1'— -w* 

Hatoal Cross 






(1925) 






F. . • • • 

S. I. 269 , 

n 

> 


5 

Fa Clmmcter of Belec- 






lions 







S. I. 3S3, 386, 389, 390, 






395, 397, 406, 407 

! 





(BBIIKK) or (BBIIkk) i 

All 

* • 

» tt 

II * 

S. I. 385, 396, 406 (BBIiKk) . 

211 

47 

18 . 


S. I. 393, 394, 398, 399, 404 





»9 • • 

(BBIiKK) 

252 

•• 

79 



S. I. 384, 392 (BBIikk) 

•• 

160 


53 

Korra BuS 

S. I. 387, 388 (BBuKK) 

•• 


Pure 


* 

S. I. 391, 400, 401, 402, 403, 






408 (BBiiKk) . 

.. 

. • 

419 

lUO 

F4 (from S. I. 405) — 






Blacks 

S. I. 1317, 1321, 1324, 1325 , 

All 


•• 


S. I. 1319, 1320, 1322, 1323 . 

242 


62 



S. 1.1318 . 


26 


9 

Korra Buff 

S. 1. 1326 . . • . ! 

. . 

•• 

Pure 


99 ■ * 

S. 1.1327 . . . 

« . 


102 

17 

.■ ' 'Z’l B 

“Tawny Bed 

ig. I. 1326, 1329 . . 

.r 

.. 


Pore 


In Tables IX and X the initial difficulties experienced in the separation of the 
Sepias from the Blacks is reflected in a general nse of a consolidated total nndei 
Blacks as such. Later, however, with the help of the immature gi'ain of the 
ear^head, this separation has been possible and tended to increasing definiteness. 
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Orain Colours 


Family No. 


Black Sepia 
BBinOC BBlIkl? 


Character of SeUeiions. 
Blacks , 


S. I. 1039, 1041 (BbllKk) 
S. I. 1038, 1044 (BblllvK) 
S. I. 1037, 1042 (Bbllkk) 
S. I. 1040, 1043, 1045' . 

S. I. 1046, 1049 (bbllKK) 
S. L 1047, 1048 (bbllKk) 
S. L 1050 (bbllkk) 


It is notewortliy that the Tawny Beds, lacking the K and I factors, are rather 
poor in vigour and economically not so sound as others of different genetic compo- 
sitions. This poverty results in a weaker survival value as is evidenced by the 
poor population of even the extracted pmre types. 

The following table presents a clan pure for the I factor and segregating for the 
factors B and K : — 

Table X. 

Pure for I. Segregating for B ard K. 


Tawny 

Buff 

bbllKK 


Natural Cross 
(1926) 


Tawny Buff 


Red 


Pure 


F 4 (from S. I. 1041) 
Blacks • 


S. 1. 1725, 1729, 1733, 1731 


496 


Pure 
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The final set of tables present clans segregating for all the three factors B I 
K o“ ftese. Can s' 1. 758 (Table XI, nnns up to the t W g.„erat„n. 

s I 209 524 and 565 to the fourth generation, and clan S. I. p 

Tbese Le been enha^tively^ worked ont to get all lie poserble tleoret.c.1 segre- 

gatioiis froin s* S-fsictor 





Table XL 

Segregating for B, I and K, 


Grain Colours 


Tawny Berl 


Family No. 


Generation 


Natural Cross 
(1927) 


OhaTader of 
Selections. 


S. I. 1381 (BbliEJC) 


(BbllKk) 


(BBIiKk) 


S. I. 1379 (Bbllkk) 


(Bblikk) 



1KHEE1TA»CE OF CHAEACTERS IN SETAEU ITALICA 


Clan S. I. 209. Segregating for B, I and K 


Grain Colours 


Lawny 

Bulf 


Generation 


Haturai Cross 
(1926) ■ 


Character of 
Selectioris, 


8. 1. 786, 788, 798 

(Bblillk) 

a I. 787, 793, 796 

(EblilOI) 


S. I. 790, 791 (BBIiKK)! 


8. 1, 792 (BbllKk) 


8. 1. 789, 797 (BBUKk) 


8. 1. 794, 795 (Bbllkk) 


8. I. 801 (bbliKK; 


8. 1. 802 (bbliKk) 


Black 

Sepia 

14 




M 

1—4 

3 

3 

w 
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Table XII — eonti. 


Clan 8. 1. 209 Generation). Segregating for B, I and K. 
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Table XIII. 

Clan 8. 1. 524. Segregating for B, I and E. 


601 




Generation 


Natural Cross 
(1926) 

Fs . 

i’a 

Characier of 
Selections 

Black 

99 , • 

Tawny 

99 • 

Korra Bn^ 

Eed . 

(from S. I. 
959). 

Black 


Family No. 


S. I. 524 , 


S. I. 959, 961 (BbliKk) 
S. 1.960 . 

S. I. 963 (bbliKK) . 
S. L 964 (bbllKk) . 
S.L 962 . 

S. I. 965 (bblikk) 


S. I 1600 . 

S. I. 1598, 1602 . 

S. I. 1597, 1599 . 

S. I. 1601 . 

S. I, 1607 . 

S. I. 1603, 1604, 1608 
S. I. 1605, 1606 . 


Grain Colours 


Black 


165 

All 


209 

121 


Sepia 

Tawny 

Bn/ 

Korra Bni 

Bed 

a 

W 

14 


44 

44 

s 

3 

s 

3 

43 

pq 

43 


42 

43 


Tawnv Eed 


Generation 


Natural Gross 
(1926) 
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Table XIV. 

Clan S. I. 555. Segregating for B, I and K. 

Grain colours 


Family No. 


Black 

Sepia 

fawny 

Buff 

Korra 

Buffi 

Bed : 

BBIIKK 

BBIikk 

1 

w 

j BBiiKK 

1 

J 

j bblikk 


S. I. 555 . 


ClmracUt of Sdec- 
tiom. 

Black 


F 4 (FbomS. I- 
972). 

Black 


F 4 (Feom S. I. 
969). 

Sepia 


S. 1. 968 . . • 

S. 1. 970, 972 . . 25 

S. 1. 971 . . . 47 

S.1. 967 . . . 35 

S. I. 969 

8.1.973,974, 975 . .. 

8 . 1. 1622, 1630 . . i 

8 . 1. 1631, 1635 (BHI 40 

KK). 

8. 1. 1619 (BBIiKK) . 201 

8. 1. 1620, 1624, 1626, 292 

1634 (BbliKK). 

8 . 1. 1627, 162B, 1629 : 

(BbliKk) 

8 . 1. 1626 (Bbllkk) . 

8.1-1621, 1623, 1632 
(Bblikk). 

8 . I. 1609 to 1612, 

1618. 

8 . 1. 1615, 1617 . 

8 . I. 1613, 1614, 1616 
(BBIikk). 


21 13 

48 .. [ 
84 98 

172 185 

108 . . I 



Black Sepia 


Korra Buff 


INHERITANCE CHARACTERS IN SETAEIA ITALICA, PaET I. 

Table XV. 

Gian S. I. 85 (Pg ^s)- Segregating for B, I and K. 


Table XVI. 

Clan 8. 1. 85 [F^ and Ff). 
Family 8. 1. 205. 

Ptcre for I a7id K, SegregatiTig for B. 


Natural Cross 
(1922). 

Fa . . . ai. 85 . 

Fq Character of 
sdedions. 

Black . . S.I.205 . 

„ » . ai. 204_. . 

„ • . . a 1. 206 . 

„ , . a 1. 203 . 

Non-black . a 1. 208 . 

„ . . a 1. 207 . 


Generation Family No. 

F 4 (Feom S. I. 205). 

Character of selections, 

Black . , . . a I. 355, 356, 357 (BbllKK) . 

Tawny Buff . . . S. 1. 358, 359, 360 (bbllKK) . 

F 5 (Feom a L 357). 

Black .... a I. 1315 (BBIIKK) 

„ . . . . a 1. 1313, 1314:, 1316 (BbllKK) 


Grain colours 


Grain colours 


Black 

Tawny Buff ' 

BBIIKK 

bbllKK 

231 

81 

.. 

Pure 

Pure 


293 j 

96 


Family No. 


Generation 


211 

179 I . , 
219 

. . ! 177 
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Table XVII. 


Clan S. I. 85 and F^) — contd. 


Family S. I. 204. 


Pure for K. Segregating for B and L 



Oraia colours 


Family Ko. 


Ocneration 


Korra Buff 


Black 


BBiilvK bbiiKK 


BBIIKK bbllKK 


FaCFkomS. I. 204), 
Olmracter of selectiom. 
Black 


S. I. 766, 769 (BbliKK) 

S I. 767, 768 (BBIiKK) 

S. I. 771 (bbllKK) . 

S. I 770, 772 (bbliKK) 

S. I. 773, 774, 775 (BBiiKK) 
or (bbiiKK). 


Tawny Buff 


Korra Buff 


Fs (From S. I. 769). 
Black , 


Ffi (FeomS. L 767), 
Black . , 


S. I. 1387 (BBiiKK) 


F^ (Fbom S. I. 770), 
Tawny Buff ■ * 


S. I. 1391 (bbiiKK) 


INHEEITANCE OP GHARACTEES IN SETARIA ITALICA^ PART I 


GC)5 

Table XVIII. 

Gkm 8. L 85 (F\ und Jg)— contd. 

Family 8, L 206, 


Pure for B, Segregating for I and K. 





Grain colours 


Generation 

B’amily No. 

Black 

Sepia 

Korra Buff 

Tawiiv 

.Bed 



BBIIKK 

BBIikk 

BBiiKK 

BBiikk 



' r ' 



F 4 (Pbom S. I. 206). 

Character of Sdecliong. 






Black 

S. I. 779 . 

All 

.. 


„ . . . 

S. I. 776, 778, 780 (BBIiKK) 

298 

•* 

S6 

.. 

. 

S. I. 777 (BBIikk) 


78 

.. 

32 

Korra Buff 

S. I. 782 (BBiiKK) . 

•• 

•• 

i 

Pure ■ 

.. 

>» • • 

S. I. 781 (BBiiKk) 

*• 


68 

18 

Tawiij^ Red 

S. I. 784, 78f> (BBIikk) . 

; 

*• 

•• 

Pure 

B\ (Feom S. I. 777), 






Sepia 

S. 1. 1392, 1393 (BBIikk) . 

-• 

Pure 

.. 


„ . . . 

S. I. 1394, 1395 . 

•• 

162 

•• 

51 

Tawny Bed 

S. I. 1396, 1397 . 

•• 

•• 


Pure 

(Feom S. I. 781), 






Korra,, Buff 

S. I. 1398 (BBiiKK) . 

.. 


Pure 

«v 

j, . • 

S. I. 1399, 1400 . 

•• 


75 

.'18 

Tawny Bed . . 

S. I. 1401 .... 

.. 

•• 

- 

Pure 


6 
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Generation 


Table XIX. 

Gian S. I. 85 and F^)-GonGU. 

Family S. !• 203. 

Purejor absence of K. Segregating for Band I. 

Oraitt colours 


Family Ho. 


Sepia Bed Tawny Bed 

BBHkk bbUkk BBiikk bbiikk 


Wi (From S. I. 203). 

Oharader of Selections, 

Sepia « « 

S. I. 328, 340 (Bbiikk) 

>9 • • • 

S. 1. 323, 324, 339, 343, 344 
(BBBkk). 

t9 * * 

Red V- 

S. I. 325 to 327, 329 to 331, 
341, 342, 345 to 347 

(Bbiikk). 

S. I. 337, 363 (bbiikk). 

ff . • • 

S. I. 336, 33S, 852, 364 

(bbiikk). 

Taway Bed 

S. I. 332 to 335, 348 to 350 . 

Fs^'CFrom S, I. 323). 

Sepia 

S. 1. 1302, 1303 (BBIIkk) . 

99 , • • 

S. 1. 1301, 1304 (BBIikk) . 

Tawny Bed 

S. 1. 1306 (BBiikk) . 

Fg (From S. 1. 352), 

Red 

S. 1. 1307 to 1310 (bbiikk) . 

Tawny Bed 

S. 1. 1311, 1312 (bbiikk) . 
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With increased experience and in the light of the above segregates it has been 
possible to separate out similar families even in the Fg into five groups^ and the 
following table presents two such famMes from the latest crop. 


Table XX. 

Segregating for B, I and K. 






Grain colours 




GeaeratioE 

Family Ko. 

Black 

Sepia 

Tawny 

But 

Korra Buff 

K.ed 

Tawny Bed 



BBIIKK 

BBIIkk 

bbllKK 

BBiiKK 

bbilKK 

bbllkk 

BBiikk 

bblikk 

Natural Cross 
(1929). 

Fj . . . 

Natural Cross 
(1929). 

S. I. 1299 . 

S. I. 1856 . 

127 

144 

29 

39 

^ — r ' 

27 

44 

7 

14 

V ^ 

i 6 

12 


In view of the exhaustively worked out clans S. 1. 85, 655, etc., these two 
families have not been carried forward to further generations, but the fact is obvious 
that the segregations are of the 36 : 9 : 12 : 3 : 4 type. The paucity of the Tawny 
Eeds has already been explained elsewhere. 

This genetic analysis has made it possible to separate out and give a definite 
individuality to the six grain colours of this Millet, in spite of the difficulties 
experienced in the separation within Buffs, Tawnys and Blacks. It is no wonder 
that in the absence of this equipment earlier work has tended to confine itself to the 
three patent colours Black, Buff and Red only. 

In verification of this three-factor hypothesis, artificial crosses Nos. LXVI, 
LXVII and LXVIII were made between a Red (bbllkk) 8. 1. 1272 and a Korra 
Buff (BBiiKK) S. I. 1005 and true to expectations Black-grained hybrids (BbliKi) 
were obtained. Nineteen of these when sown segregated as follows : — 


Season 1931 Summer 

Black Sepia 
36 

Tawny Buff 
9 

Korra Buff 
12 

Bed 

3 

Tawny Bed i 

4 ■ ^ ’ 

FaMIIjIBS. 

S. 1. 1886-1904 . 

2097 

498 

742 

170 

269 

Tbeoretica! expectation . 

2117 

631 

708 

177 

236 


0 2 




IKBIAF JOBBNAL 


OF AGEICXJLTTJEAL SCIBKCE 


Summary. 

Si, grain colours to. ton noted in &»o «». These M into tn-o ^onps 

WEtok, Tawny Bus and Korr. Bufi, and (M Sepia, Bed and Tawny Bed A 
factor K (after Korta, the Telugu name for tins MJIet) is present in gioup («) . 
Ttont in gionp ( 6 ). In each of these groups the basic colours Tawny Bed and 

KTa M with fte addition of a factor I, turn into Bed and Tawny Bufl. This 
Sd anrCny Bn® with the addition of another factor E turn into Sepia and 
Black respetive^. Factor B has an individuality, hut its presence m not v«iUe 

““xhT S“om ”*00.1 Sve hundred families are presented in supprt of the 
.hove hypothesis. Three sets of artificial crosses furnish confmnatoiy evidence. 

BEFEBiEKCES. • . 

Woodhouso and Ghosh (1911). 

SyuW Saito (1923).-J'«®- of Genetics (Eef. m Boi. Abstr. 14, 809). 



SOME BIRD ENEMIES OF THE DESERT LOCUST {SCHISTO- 
CERGA GREG ARIA, FORSK.) IN THE AMBALA DISTRICT 
(PUNJAB). 


BY 

M. APZAL HUSAIN, M.A. (Cantab.), 
Entomologist to Government, Punjab, 


AND 

HEM RAJ SHALL A, B.So. (Ag.), 

AgrieuUural Assistant, Department of Agriculture, Punjab. 

(Received for publication on the 3rd August 1931.) 

During the spring of 1930 an intensive infestation of the Desert Locust occurred 
in the Punjab and this provided an opportunity of .studying the birds that preyed 
on this insect. The observations recorded below were made mainly in two tehsils 
of the Ambala district — Naraingarh and Kharar — which are bounded on the 
North-East by the Siwalilr range and are partly hilly and partly sub-montane. 
The river Jumna separates this area from the adjoining Saharanpur district of 
the United Provinces. 

• The fliers were reported from about the beginning of February, and egg-laying 
started about the middle of this month and continued till the end of April. 
The hoppers, as well as the fliers, were present all through the months of March, 
April and May. The observations on the locust-eating birds were started from the 
21st February and were continued till the 3rd May 1930. Wherever possible, the 
birds found eating eggs, hoppers and fliers, were shot and their stomach contents 
examined. In a few oases where the birds could not be shot it was definitely 
ascertained by actual observations that such birds were feeding on locusts. 
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<■? .. « 

l''*! ^ ‘ 
t S I, >1 





Ir.al135roeoiMofmldbiiasWoi.gii«to 18 families were oWed eati^ 

bo«i. Tta M«™e ty ’w™ »* “ 

enemiost of tliis pest 

Ihe CemmoB ladian HoBse Crow, tte Eosy Pastor, Uie CommoB Myna, and 

the NortherB. Grev Partridge. 

TI,eimlJoitaiieoofapaitionlaiai«cieBdopendsoB tie nutobei of 

dost^ed ; aad tMs doA* »“ *» <■' • 

the BTimber being evidently the more important factor. 

A number of domesticated birds such as poidtry (fowls), ^ y 

swans also ate locusts. Guinea fowls are kept in large numbers ^^Kharar tehsil. 

flocks of these birds were led to bushes where locust hoppers had gathered and 

were found to enter the bushes and eat these hoppers voraciously. 

Another bird of importance which although not shot in Ambala, the White 

Stork (0« o~) locaUy known as Laha ^ 

adults at Bir Badri (tehsil Jhajjar, district Eohtak) and at Hafi.abad 
Flocks of these birds appeared and were seen aiiayed in line g 

bird is restricted to swampy places. 

Although the combined efforts of all these birds may not effec^ely check an 
„B.l*Bght oi tie past, yat tley render invalnaHe s^ice *« "' 
important part in exterminating thin swams, vhich cannot be L whioh 

3v through human agency, and in destroying those numerous individuals which 

efL e^rlmostvigLuLnslaughtofman It is, ther^re, important that 
a fmther study of the fauna of aU the localities infested bylocustsbe under- 
talln, and such of the birds as appear to be friendly given speaal FOtection. 
l£r Whistler studied the avian fauna of the Ambala district and published is 
results as ‘Notes on the birds of Ambala district (Punjab) in the Journal of the 

B^mty Ltu^^^^^^^^^ XXYand XXVI, 1917 and 1920. More 

extensive studies on similar lines are very desirable. 

It is often stated that crows and starlings are enemies of locusts and km them, 
so to say for sport, thus destroying far more than they actually require for food. 
Both these’ birds may be seen cutting large numbers of locusts into two. It seems 
that ordinarily these birds do not get sufficient practice in catclung last fiying 
insects in their effort to secure their prey they snap at it with vigour and 
rapiditv and thus cut it into two, and the parts of the insect, thus cut, drop down. 
When these birds have secured their prey they perch on a tree, close by, and start 

eating their victim. 
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The following is the list of the locust eatiug birds : — 

Note z — The abbreviations used in the statement 

Abundance of Birds. Status as beiieQcial birds. 

B— Bare. —of minor importance, 

0 — Comiiioa. M— of major importance. 

GG— More common. VM— very important. 

VO— ’Very common* 

WO— Abundant “in swarms. 

Egg, hopper, adult— Various stages of ScMstocerca gregaria 

+ — Pound in the stomach, or actually observed feeding. 

— — Not found in the stomach. 



Name of the bird. 

1. English. 

2. Vernacular. 

S. Scientific (after 
Fauna of British 
India). 

FAMILY. 


Stomach contents. 


Locality and date. 


1. Eemains of adult locusts ; 

beetle ; loaf and vegetable 
matter : Panjohlifa {Teh. 
AmhaZa); 16th March 1930. 

2. Large number locust hoppers ; 

wheat grains ; vegetable 
matter : Khwrar : 13th April 
1930. 

3. Locust hoppers; parts of 

beetle; wheat and make 
grains : Kharar : 13th April 
1930. 

1, Locust adults ; wheat and 

maize grains j vegetable 
matter : Shehzadpur {Teh» 
Naraingarh) i 21st Febru- 
ary 1930, 

2. Mainly locust adults: Sheh- 

zadpur : 27tli February 
1930 

3-4. Mainly locust adults ; She- 
hzadpuf : 18th March 1930, 
6. Mainly locust hoppers : 
Shehzadpur : 22nd March 
1930. 

6, Large number of cutworms ; 
beetle ; few locust hoppers ; 
maize : Shehzadpur : 26th 
March 1V30. 

7-8. Locust hoppers (20) ; locust 
parts ; maize ■ and , wheat 
grains : Kharar : 6th April 
1930. 

9. Locust hoppers; wheat and 
lentil grains ; Kharar ; 8th 
April 1930. 


The Indian Jungle-Crow. 

(Bara Kama), 

Corms coronoidee hvail 
lanti. 


OOBVIDJ]. 


The Common Indian 
House-Crow. 


(Kawa). 

Corvus splendens splendena. 
CORVIDS. 
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Serial Ho. 

Hanie of the bird . 

1. English. 

2. Vemaciiiar. 

3. Scientific (after 

Fauna, of British 
India). 

FAMILY. 

o 

b» 

m 

u 

<!> 

ft 

w 

43 

< 

Other insect. 

Grains, etc. I 

Stomach contents. 

Locality ajid date. 

6 

The Brown -baci keel Tiidia.ia 

0 


J.. 


4 


1. 

Locust hoppers ; SheMadpur : 
24 th Mareli 19:h). 


Robin. 

m 






{Dama). 

SaxkohideA ftdimla mm- 
baieMs, 







2. 

Locust hoppers ; beetle 
parts ; caterpillars ; insect 
parts: Slielizadpur : 27th 
March 1930. 


TUEDI^. 









7 

The Indian Magpie-Bobin 

{Dayal), 

C 


4- 

+ 

4 1 


1. 

Adult locust ; ants ; insect 
parts : Sliehzadpur : 21st 
February 1930. 


m 




Copsydliim saulans saularis, 

TUBDIDiE. 







2. 

Locust adult ; insect parts ; 
Shehzadptir : 2Sth , Febru- 
ary 1930. 









3. 

Mostly locust hoppers ; insect 
parts: Khafar: 15th April 
1930. 

8 

Bo bin 9 * , , 

C 


4 


4 


1. 

Locust hoppers ; oaterpiltars ; 
beetles : Shehzadpur : 29th 
March 1930. 

TUBBJB.U. . 

111 




’ 9 

Ply catcher sp. 

MUSOICAPIBJS. 

0 


4 




This bird was not killed but was 
seen eating locust hoppers : 
Skehzadpur: 29th March 1930, 

m 





10 

The Indian Grey Shrike . 

(LaUora), 

0 



4 

4 


1. 

Locust adult ; beetle elytron : 
Shehzadpur: I9th March 
1930. 

M 





Lanim excuhitor iahtora . 

LAHIIBJU. 







2. 

Locust hoppers ; beetle 
elytron ; insect parts : 

Shehzadpur : 22nd March 
1930, 

11 

The Rufous-backed Shrike, 

{Cklmta lahtom). 

C 


4 

4 

i 

1 + 


L 

Locust hoppers ; ants ; insect 
parts : Shekzadpvr : 22nd 
March 1930. 

m 




Lanius schach erpthronotus. 







LAHIIBJS. 
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12 


13 


11 



os 






Hame of the bird. 

1 






1. English, 

43 

02 






2. ¥enaaoular. 





1 

o 

3. Sciertifio (after 

o 




o 

m 

% 

Fauna of British 
India). 

1 

8b 

1 

S' 

^2 

S3 

P 

1 

m 

1 

FAMILY. 


tiO 

m 

o 

w 

< 

o 


The Black Drongo or 

0 c 


+ 

+ 

+ 


M 



King Crow, 






{Ghepu or Bhuchanga). 







Dicrurus maerocercm 







mojorocerciis. 







DICEUEID^ai. 







The Bosy Pastor or Bose- 

V VC 


-h 

4- 


-f 

VM 




coloured Starling. 






(Qulabi-Tiliar)^ 







Pastor roseus. 







STUBNIBJ3. 







The Himalayan starling. 

VC 



4* 



M 



(TiUar), 


1 





Sturnns vulgaris Jmmii . 







STUBHIBiE. 








Stomacli contents. 
Locality and date. 


1 . Locust adult ; insect parts ; 

SUhtadpuTi 28tli Febru- 
ary 1930, 

2. Large number of locust 

hoppers $ beetle bead and 
parts : SheJizadpur : 27th 
March 1930. 

3. Locust hoppers (11) I beetles 

(2): Kharar: 10th April 
1930. 

4. Locust hoppers; beetle 

head ; moth ; insect parts : 
Kharar : 23rd April 1930. 


1-4. Mainly locust adults: 

PanjoJchra : (Tehsil Amha- 
la): 15th March 1930. 

5-7. Mainly locust hoppers: 

Kharar : 13th April 1930. 

8-11. Mostly locust hoppers: 

Ficus' fruit :Kharar ; I3th 
April 1930. 


1-2. Locust hoppers; cater- 
pillars; ants; Shehzadpur: 
21st March 1930. 

3. Large number of cutworms 
and their pupae; insect 
parts : Shehzadpur : 22iid 
March 1930. 

4-5. Large number of cutworms ; 
laoewing-fly pupae (3) ; 
antS' ; insect parts : Sfmh- 
zadpiiT : 22nd March 1930. 

0. Large number of cutwoms ; 
one beetle i Shehzadpur : 
2ind March 1930, 

7-9. Large number of cutworms ; 
lacewing-fly pupae: Sheh- 
zadpur : 22nd March 1930. 
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Name of the bird. 

1. Englisla. 

2. Vernacular. 

3. Scientific (after 

Fauna of British 
India). 

FAMILY. 


The Black-headed Mjna , 
(BaJimni mynu or Pawii), 
TemenmJms pagodarum. 
STURNIBJU. 


The Common Myna 
(Sharah or lalri). 
Acridotheres tristis trutis. 
STUEHIBiS. 



<D 

ft 


ft 


O 


m 


-f 



^ Stomach coiitf3ats. 

© 

^ Locality and date. 

*di 

& 

10. Cutworms; other cater- 
pillars ; beetle ; few lace- 
wing-fly pupae :8Mizmipur : 
1st April I9S0. 

11. Locust hoppers; cutworms; 

other caterpillars ; b eetle ; 
few lacewing- fly pupae : 
Shehzadpnr : 1st April 

1930. 

12. Cutworms; ants; lacewing- 

fly pupae : Shehzadpuf : 
1st April 1930. 

-f 1. Locust hoppers (II) ; locust 
hopper heads (5); insect 
parts : Kharar ; 14th April 
1930. 

2. Locust hoppers (26) ; Ficus 
fruits : Kharar : 14th April 
1930. 

3-4. Mainly locust hoppers : 

Kharar : 25th April 1930. 

5-6. Mainly locust hoppers % 

Kharar : Srd May 1930. 


4- !• Mainly locust adults : 

Shehzadpnr : 21st Feb- 
ruary 1930. 

2, Eggs -shells locust; insect 
parts ; wheat and lentil 
grains ; Shehzadpur : 1st 
Slarch 1930. 

3-4. Locust hoppers mainly ; 
Shehzadpuf : 21st March 
1930. 

6. Large number of locust 
hoppers ; cutworms ; weed 
seeds : Shehzadpur : 27th 
March 1930, , 

6. Ficus ^ fruits ; wheat and 
lentil grains: Shehzadpur: 
29th March 1930. 


Serial No, 
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Name of tlie bird. 

1. English., 

2. Vernacular. 

S. Scientific (after 

Fatina of British 
India). 

FAMILY. 


§ 

I 

<1 


7. 


Stomach contents, 
luocality and date. 


Beetles (4) ; Ficus fruits j 
Shehzadpnf : , 29th March 
i9m 


8-9. Locust hoppers ; ants and 
'wheat grains.; KMfar: 
6th April I9S0. 


10. Locust hoppers and parts ; 
ants ; beetle elytron ; 
wheat grains : Khamf : 
10th April 1930. 


11-15. Mainly locust hoppers ; 
Kharar : 23rd, 26th April 
1930 and 2nd, 3rd May 
1930. 


17 


18 


19 


The Bank Myna 
(Qanga Myna.) 

A cridothef es ginginia nus. 
STURNID^. 


The Indian House-Spar- 
row. 

{Chin). 

Passer domesticus indicus. 
PRIN-GILLID.E. 


The Masked Wagtail 
(Dhobin,) 
Moiadlla alba 
MOTAGILLIDjE 


c 

m 


V VC 


M 


+ 


+ 


+ 


+ 


H- 


-f 


L Mainly locust adults : 
Shehzadpur : 19th March 
1930. 

2. Locust hoppers; insect 

parts; Ficus fruits; 
Shehzadpur : 23rc! March 
1930. 

3. Mostly Ficus fruits; cater- 

pillar ; Shehzadpur : 29th 
March 1930. 

-j- 1-2. Locust hoppers; wheat 

grains ; '^^egetable matter ; 
Kha^'ar : 21st April 1930. 

3. Cutworms ; locust hoppers ; 

wheat grains : Slmhzadp^nr : 
24th March 1930. 

4. Locust hoppers ; cutw’orins ; 

SheJizadptir : 24th March 
1930. 

5. Locust hoppers ; catei’i)iliars ; 

-wheat ginins : Kharar : 
2nd May 1930. 

— 1-2. Locust eggs; ants; insect 

parts : Shehzadpur : , 1st 
and 25th March 1930. 
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Serial No. j 

Name of the bird, 

!• EBglisli. 

2. Vernacular. 

3, Scientific (after 

Fauna of British 
India). 

FAMILY. 

ss 

"o' 

o 

G 

si 

B 

Egg. 

Hopper. 

Adult, 

Other insect. 

Grains, etc. 

Stomach coiitejits. 

Locality and date. 

20 

The Indian Pipit , 

Antlius richardi rufulm. 

0 


. 


“r 


1. Locust hoppers ; and parts ; 
caterpillars ; Shehzadpur : 
26th March 1930. 

m 


-j- 




MOTAGILLIDJI}. 








21 

Franklin’s Crested Lark. 

{Ghafdool). 

Gahrida cristata Chendoola 

0 


+ 


+ 


This bird Was not killed but 
was seen taking locust 
hojjpers : Kharar : 13th 
April 1930. 

in 





ALAUBIB/E. 








22 

The Common Hawk- 
Cuckoo. 

(Fopiya.) 

0 0 


1 + 

4- 



1 Locust hoppers and parts; 
caterpillars ; insect re- 
mains : Kharar : 24th' April 
1930, 

M 




HierocoGcyx varim, 

CUCULIB-dS. 







2. Observed taking adult 
locusts. 

23 

The Punjab Sirkeer 

{Jangli iota). 

R 


+ 




1 . Mainly locust hoppers ; 
Kharar ; 24th April 1930. 

m 






Tojccocua leschenaidH 
sirkee. 








24 

CUCULIBAi]. 

The Indian Roller . 

(Nilkanth), 

CC 
■ M 

— 


+ 

+ 

— 

i. Mostly locust adults ; dung 
beetle : Shelizadpuf : 27th 
February 1930. 


Coracias hengliahm is 

bengJialemis, 

CORACIIBiE. 







2. Mostly locust hoppers ; cater- 
pillars : Kharar : 25th 
April 1930. 

25 

The Indian Hoopoe 

{Hndhud). 

CO 

M 


H- 

— 


— 

1. Locust hoppers (9) ; cater- 
pillars ; insect parts : 
Kharar : 14th April 1930. 


Upapa epop oneMalis, 

UPUPIBAH. 







2. Locust hoppers ; caterpillars ; 
insect parts : Kharar : 1st 
May 1930. 
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Nam© of the bird. 

L Eaglish. i 

2. Veraaealar. 

3. Scieatifio (after 

Fatma of British 
India). 

FAMILY, 


Stomach contents. 
Locality and date. 


26 ' The Northern spotted 
owlet. 

{Ohmal)* 

Athene hmma Mica, 
ASIONID.®. 


+ + M- 


27 The Himalayaa Griffon . 

Qppe himalayensU, 

aegypiidas. 

28 The Laggar Falcon 

(Laggar). 

Falco lugger. 
FALOONIDiE. 

29 The Red-Headed Merlin 

(Turmaii). 

Falco chiguera chiquera. 
FALCONIDiS. 

30 The Common Pariah kite 

(GUI). 

Milvne migrans govinda, 

mLOOMDM. 


- + + 


+ + + 


1. Adult locutot heads ^ and 

parts ; beetle and insect 
parts : SheMadpur, ^ 21st 
Febrnary 19S0. 

2. Bhinocerotis beetle ; mostly ; 

beetle elytron; insect 

parts : Kharar : 9th April 
19SL 

3. Locust hoppers ; fBliino- 

cerons beetle : Kharar .* 
9th April 1931. 

4. Locust hoppers ; beetle 

elytron ; insect parts : 

Kharar : 26th April 1930. 

5. Locust hoppers ; Bhiiio- 

cerous beetle ; insect 

parts : Kharar : 28th April 
1930. 

This bird could not be Idlled 
but it was observed taking 
locust adults and hoppers ; 
8hehzadpuf : 19th March 
■ 1930. , . 

This bird could not be killed 
but it was seen , taking 
locust hoppers : Shehzad- 
pur : 19th March 1930. 


This bird could not be killed 
but it was, observed taking 
locust adults and hoppers : 
Shehzadpur : 19th March 
1930. 


1, Adult locust heads and 

parts i animal rubbish s 
Panjohhra (Teh. Ambcda) : 
15th March 1930. 

2, Locust hoppers ; animal 

rubbish : Kharar : loth 
April 1930. 



M&me of tlie bird. 

L Engiisli. 

2. Vernaciiiar. 

3. Scientiiic (after 

Fauna of British 
India). 

FMIILY. 


Stomach contents. 


Locality aad date. 


1, Mainly locQst hoppers : 

2. Observed taking locust 

admits : Kliaraf : 28th 

April 1930. 


The Forthem Besra 


L Mainly locust admits ; Bhehzad> 
pur : loth March 1930. 

2. Mainly locmst hoppers : 
Kharar : 28th April 1930. 


(Shihra or ChifiniaT.) 
Aocipitef virgatus afflnis. 


FALCONID.E. 


The Common Peafowl 


This bird being sacred was 
not allowed to be killed 
bnt it was observed taking 
locmst hoppers voraciously : 
Kharar : lOth April 1930. 


Pavo cristaius, 


1. Insect parts ; weedseeds ; 
Bhehz^pur : 27th March 
1930. 


The Horthem 
Partridge. 


2-3. Locmst hoppers ; white -ant 
workers ; pebbles and sand 
particles : Bhehzadpur : 

2nd April 1930. 

The birds were seen eating 
burnt or roasted locmst 
hoppers from bushes ; 
Shehzadpur : Kharar : 

March-April 1930. 

These birds have been 
noticed eating locust adults 
8,t Bir Badri (Tehsil Mag- 
gar, district Bohtak) and 
EafizaJbad (Gujranwala ) ; 
flocks of these birds ap- 
peared and Were seen 
arrayed in lines eating 
locust admits. 


Fmnoolmus pondicerianns 
interposUus, 


PHASIAHIDAiJ, 


The White Stork 


(Laha sarang), 


Oiconia ciconia cico7iia. 


OIOONIIB^. 








i' 


SELECTED ARTICLE 


MIGNESIUM^-A POSSIBLE KEY TO THE PHOSPHOEHS PRO^ 
BLEM IN CERTAIN SBMI-ARID SOILS. 


BY 

CHAS. B. KELLOGG, 

'Nofih DaJcoia AgrmdfMml College, Fargo, North Dakota- 

(Reprinted from the Journal of the Amerimn Society of Agronomy, VoL 23, No. 6, 

June 1931.) 



In recent years, it has been found that some soils of North Dakota respond 
favorably to phosphate fertilizers while others do not, even though crop yields be 
low and the content of readily available phosphorus be no more, or even less, than 
the responsive soils. Recent greenhouse trials with barley on a Fargo clay soil 
which has growm wheat continuously for 40 years, with nothing returned, have 
indicated a large response to magnesium oxide. The plants receiving magnesium 
oxide headed two weeks earlier, had more tillers, larger and stronger straw, and 
much larger heads of grain than other plants. Lime and other materials coiitaiiiiiig 
nitrogen, potassium, and phosphorus gave only small increases in comparison. 
Although this soil has been cropped to wheat continuously for 40 years, it is not in- 
fertile as indicated by the fact that for the past 14 years, yields have averaged about 
16 bushels per acre and the present supply of readily available phosphorus is high. 
A further experiment with a similar Fargo clay which has been cropped to a rotation 
with residues returned shows a like response to magnesium oxide. 

It is well-known that magnesium is an essential element and that one of its 
functions is in connection with phosphorus nutrition, probably as a phosphorus 
carrier. It may not be necessary that phosphorus enter the root as magnesium 
phosphate, but its movement and especially its final delivery at the point of utili- 
zation within the plant are more effective and rapid if in that form. During the 
ripening period phosphate is deposited in the seed as magnesium phosphate so that 
the young plant will have phosphate in a form immediately usable. In soils very 
deficient in soluble magnesium compounds, plants may actually suffer from a lack 
of phosphates in proper form. Magnesium hydroxide is so very insoluble that it is 
not to be expected that plants will be able to obtain sufficient quantities of this 
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element by simple hydrolysis of tlxe carbonate. Calcium carbonate would tend, 
therefore, to suppress the availability of niagnesiiiin, while calcinni sulfate, by 
double decomposition, would have the effect of rendering themiagnesiimi ir ore 
available in the form of the very soluble magnesium sulfate. This is borne out 
in the results obtained with barley, as calcium sulfate gave the greatest increases 
excepting the magiiesiiiin oxide. 

These facts may be a factor in explaining riie pic-sent low yields of flax in much 
of the north- west. Plants bearing oleaginous seeds are especially in need of mag- 
nesium phosphate for seed production. Applications of ordinary fertilix:ers on flax 
have, not been- successful up to now. 

.Many calcareous soils of' the semi-arid regions that have what appears to be a 
high content of readily au ailable pliosphoriis respond to heavy ■ applications ..of 
phosphate fertilizers. It is quite possible 'that in some of these cases magiie.siiini is 
limiting, and ' improved phosphorus nutrition is brought ahci lit by the addition 
of extremely large amounts of readily available phosphorus, and also by the 
calcium sulfate introduced in supeipdiosphate. It is. also .possible that some of the 
crop increases obtained by sulfur fertilization can be attributed to the influence 
of these materials on the solubility of magnesium. 

These facts may account for the apparent, frequent failure of laboratory 
methods to diagnose properly the phosphorus needs of semi-.arid regions. In 
the absence of adequate soluble magnesium ccmf oiinds, proper phosphate nutrition 
cannot be realized even though a considerable amount of readily available phos- 
phorus is present in the soil. 

The writer has further studies of this magnesium-phosphorus relationship .under 
way with the view of determining the amounts. and kinds of materials needed for 
a proper balance with various crop plants. 

H '■ ■ 
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[We are indebted to the Imperial Bureau of Plant Genetics, Herbage Plants, 
Aberystwyth (Wales), for the following abstracts of current publications.] 

Titanium in some New Zealand soils and pastures. Askew, H. 0. New Zealand 
Journal of Science and Technology, Vol. 12, No. 3, pages 173—179. Wellington, 
1930. 

Titanium was once considered to be rare, but is now tenth on the list of elements In order of 
abundance. Its presence in nearly all vegetable and mineral matter, in amounts varying from 
traces to a few hundredths of 1 per cent., is now established. In plants, it is found in largest 
amounts in the physiologically active portions. Although present only in traces, it is probably 
necessary for life processes. The small amount (1 mg. to 8*5 mg. as TiOg, per 100 grm, of dry 
matter) found in pastures shows that titanium compounds are not present in sufficient quantity 
to detrimentally affect the assimilation of phosphate in the animal body by precipitation of an 
insoluble phosphate. Iron and titanium content would appear to be correlated, but not titanium 
and manganese. 

Linkage ■ in the tetraploid Primula sinensis, Winton, D. de and ■ Haldane, J.B.S. 
Jourmi of Ge^ietks, Yol 24:, 1, pages 121—144:. Cambridge, 1931. 

1. An account is given of six types of linkage observed between three pairs of. factors in the 
tetraploid Primitla sinensis, and of a seventh theoretically possible type. 

2. The intensity of linkage is nearly, but not quite, the same in the tetraploid as in the 
diploid. It is the same on the Wo sides in the tetraploid. 

3. As regards the factors considered, there is no evidence of crossing-over involving more 
than two chromosomes at a time or of two chromosomes going to the same pole after crossing- 
over. 

4. The six readily available gametic series contain only one adjustable constant p, and since 
the experimental results in other cases agree reasonably well with prediction when p has been 
calculated from the results of single coupling, this afords substantial support of the chromosome 
theory of inheritance. 

Meiosis in diploid and tetraploid Prim tla sinensis. Darlinciton, C. D. Journal of 
Genetics, Vol. 24, No. 1, pages^ 66—96. Cambridge, 1931. 

A comprehensive study is made of mitosis and meiosis in the diploid and tetraploid Prmafo 
sinensis (n= 12). Such questions as chromosome association I'y chiasmata, the number of ring 
bivalents in the diploid and of quadrivalents in the tetraploid segregation as applied to tetraploid 
and changes in the crossing-over distribution are discussed in detaii. 
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The earbohydcate metabolism of Stifa pulchra. Sampson Artbue, W. and McCaety, 
E. C. Hilgariia,'\ o\. 5, No. 4, pages 61 — 100. Berkeley, California, 1930. 

1. The growth cycle of Stipa Pulchra is an orderly process characterized hv periodicity, in 
that intervals of rapid growth alternate with intervals of depression in the growth rate, "xhe 
time of growth inception of the herbage on the range studied followed closely the early autumn 
rains. The rate of growth during the winter is controlled by atmospheric temperatures, whereas 
that of the spring and early summer is in part related to internal fa-tors, among which the food 
level and the growth habits of the plant appear paramount. Cessation of growth in the summer 
is determined by the maturity of the herbage, and may be appreciably hasteaei by low soil 
humidity. 

2. Active root growth occurred in the autumn and winter when herbage growth had practi- 
•cally ceased. 

3. The advent of flowers and seed coincided with depression In the growth rate. 

4. An inverse correlation existed between the annual march of the carbohydrate foods and 
the growth rate. Accumulation of foods, therefore, is related to low or to declining velocitv? and 
is most active near the close of the annual growth cycle. 

o. Kemovai of the herbage at any time prior to the maturity of the plant was followed by 
more or less vigorous regeneration growth. 

6. Practically complete accumulation of carbohydrate foods occurred where from 43 to 5‘3 
per cent, of the total annual herbage yield was produced prior to the peak in the growth rate. 
A oeficiency in the accumulated food supply at the close of the annual cycle would apparently 
result in decreased growth during the subsequent year. 

7. Grazing or clipping once or twice early in the growth cycle inauencsd little, if at all, the 
total herbage yield of 8tipa pulchra. This treatment did not prevent the accumulation of 
maximum amounts of carbohydrate foods in the late part of the annual growth period. 

8. Grazing or removal of the herbage between the time of flower stalk production and seed 
maturity prevents the accumulation of maximum amounts of carbohydrate foods and tends to 
prolong the vegetative growth of the plant. 

9. Growth should proceed with a minimum of disturbance by grazing or other forms of 
harvesting during the intervals of rapid growth. Maximum utilization should follow cessation of 
gro-wth and the maturity of herbage. 

10. The herbage of Stipa pulchra on the range studied retains its succulence for a period of 
nine or ton months. 

Cytological staiies o! five interspecific bybrifis of Crepis leontodontoidis. Avery, 
Priscilla. University of California Publications in Agricultural Sciences, 
Vol. 6, No. 5, pp. 135-167. Berkeley, Cal. 1930. 

The foEowing crosses were studied oytologically in both somatic and meiotic phases : — 


Q, 

leontodontoides 


. (n 

5) 

X 

c. 

tectorum 

• (n 

4) 

n 

S9 




X 

a 

parviflora • • 

n (n 

4) 

0, 

capillaria 

• 

. (n 

3) 

X 

c. 

leontodontoides ♦ 

. (n 

6) 

c. 

leontodontoides 

• 

. (n 

5) 

X 

0, 

Marschallie . • 

. (n 

4) 


■ ff 




X 

c. 

aurea • . • 

« (n 

6) 
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The autiaor especially emphasizes three features of the ¥% hybrids, namely, the sharpness of 
distinction in. morphology between the chromosomes of the parental sets, the conjugation of 
morphologically distinct chromosomes, and the variable amount of chiomosom© conjugation.. 
The size differences between the parental chromosome complements were sufficient to permit 
recognition in the hybrids in both somatic and meiotic chromosomes. 

The author assumes that various transformational processes lesuiting fiom fiagmentation,. 
union, translocation, inversion, deletion and duplication must have been responsible for the 
differences between the genoms of the species. These differences would cause the formation 
of a variable number of pairds of chromosomes which appeared in hybrid meiosis. 

Alfalfa dwarf, a hitherto tinreported disease. Weimer, J. L. Phytopathology, 
Volume 21, No. 1, pp. 71-75. Lancaster, Pa. 1931. 

A brief preliminary description of hitherto undescribecl disease of alfalfa occurring in 
Southern California is given. Since the symptoms produced by the dwarf disease and by 
bacterial wilt are so similar that it is often difficult for one not familiar with both diseases to 
tell them apart, it seems desirable to compare rather definitely the symptoms of each. The 
following points should he helpful in distinguishing between these two diseases. 

(1) Both wilt and dwarf cause a decided stunting of the tops of the plants as the diseases 
progress, although neither produces evident top symptoms in the earliest stages. 

(2) In both diseases the stems become few'er, shorter, and more sinnclling after each cutting, 
until onl 3 ' a very few stems are ]3roduced, and these eventually die. 

(3) Bacterial wilt causes stunted and abnormally shaped leaves that are usually paler in 
colour than those of healthy plants. In the dwarf disease the leases become quite small but 
remain practical^ normal in shax3e and color until the death of the plant. 

(4) Both diseases may produce waiting under certain conditions but this is not a constant or 
very conspicuous symptom of either disease. 

(5) The root symptoms produced by the two diseases are very similar. The earliest stage 
that can he detected in roots affected with either disease is a slight yellowaiig of the wood just 
beneath the bark. This yellowing, wdiich results largely from the formation of gum in the 
vessels, spreads until the entire active part of the sylem is more or less completely involved. 
The reddish-brown lesions in the bark and wood of roots affected with wilt, described and 
illustrated by Jone and McCulloch, have never been seen in roots affected with dwnarf. 

(6) In case of doubt the presence of the bacteria in the vessels of the roots of plants- 
affected with wilt can easily be demonstrated in freehand sections by Gram’s stain. No bacteria 
will be seen in similarly treated sections of roots having the dw^arf disease. 

Author^ s 8imi7nary, 

Beitrage zar kenntnis einiger tuzeriie-Herknnfte5 mit besondefer BmmksitMigmg 
fies Samenertrages. (Contributions to the knowledge ol some Ineenes of differ- 
ent origins, -with- special reference to their seed yield.) Ieeeajsi), Th. 
Pflamenhau^ Y olume 7, No. 7, pp. 193-217. Berlin, 1931. 

( 1 ) Flower ^colour . On this basis three groups may be recognised, {a) lucerne^ from Soiithem 
lands, (h) Cossack, Grimm, Italian and Hungarian luceime, (c) German strains. Flower colour 
is to some extent correlated to the agricultural value of the stiains in question. (2) Leaf form 
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data were of no ¥aliie« (3) Leaf colour^ Provence lias a preponderance of iiglit-colonred leaves, 
the iiybrid lucernes a preponderance of dark-coionred leaves. (4) Growth ImhiL Provence tali 
and compact, hybrid lucernes, especially American strains, of medium height and very spreading. 

(5) Proportion of stem. Regulated partly by the standing distance of the plants. Always a 
higher proportion in Provence. (6) Plant loeight greater in dark-leaved plants. (7) Seed v'eigld 
gave similar correlation. (8) Growth rhythm. Provence showed vigorous shooting after c’acli eiifc, 
but earlier suspension of growtJ:L (9) StoAid density lower in German looeines ; haribcoaledricss 
may be of iinportaiice here. (10) Disease Feronos^ifora TrijoUoriim occ-urred in so rue stm.ins. 
(11) W interliardiness correlated to leaf colour. 

Relations between above characters and seed yield : — Plants with dark leaves yield more 
seed. IIighe*r yield expected from late and spreading plants. Hybrid- coloured and pale violet 
plants gave the highest yield. Positive correlation between plant weight and seed yield and 
between plant weight stem ratio. Trials for inuuence of standing distance gave various results 
according to origin. Best yield w^as obtained from on© year- trial, rows 40 cms. apart and plants 
20 cms, apart, 

Tiber Xenien bei Legaminosen (On Xenias in Leguminosae). Tschermak, Erich. 
Xeitsf. ZucMung. A PflanmizucMung, Vol 16, No. 1, pp. 73—81. 

Berlin, 1931. {N. B. Xenia appearances in seed, fruit, or maternal organ of 
characters belonging to the male parent.) 

Xenias may be classifaed in two groups ; (a) seed Xenias, i.e., patroolinai alterations of the 
colour, form, size and cliemistry of seeds, (6) fructification xenias, i.e., increasfd growth of 

receptacles and patroclinal alterations of fruit form anti chemistry. 

Til© following seed xenias observed by the author are described in detail : seed xenias in 
peas, beans, lupins, vetches, ©tc., in addition size xenias after the hybridization of certain 
bean races, and finally fructification xenias in beans an«J other plants. 

The author emphasises the utility of colour xenias and seed heterogeneity for breeding 
as a correlative index for estimating certain other seed qualities and for estimating the 
degree of cross pollination in self-fertilising plants. 

The occurrence of a secondary segregation in addition to the chief segregation in seed colour 
is proved and attributed to polymeric difference in catalytic-cumulative factors besides a clilef 
colour factor. 

The crossing of two bean races led to the production of size xenias and consecutive seed 
heterogeneity ; whilst the crossing of others produced no xenias, and seed homogeneity was 
observed in the individual plants and, from F 2 on, segregation into individuals of different seed 
sizes. 

A distinction is mad© between independent and dependent types of inheritance of seed 
characters. 
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IMPERIAL AGRICULTURAL BUREAUX. 

The Imperial Agricultural Bureaux have, during the last few months, undertaken the 
periodical isL. of abstracts (or extended titles) of current literature ur the branches of 
science m which they are int erested. Brief particulars are as foUows 

I i Price. 


Issued by tbe Imperial 
Bureau of. 


How issued. 


Annual 

subscription* 


Single 

copies. 


Plant Breeding Abs- 
tracts. 

Plant Genetics, Cam- 
bridge, England. 

Printed 

(quarterly). 

Herbage Abstracts . 

Plant Genetics (Herbage 
Plants) Aberystwyth, 
Wales. 

Printed ■ 
(quarterly). 

Teobnical Communi- 
cations. 

Soil Science, Rothamsted, 
Harpenden, Herts, 

England. 

Duplicated . 

Horticultural Abs- 
tracts. 

Eruit Production, East 
Mailing Kent, England. 

Printed 

(quarterly). 

Veterinary Bulletin . 

Animal Health, W ey- 
bridge, England. 

Printed 
(quarterly 
at present). 

Animal Nutrition 
Abstracts and 

Reviews. 

Animal Nutr i t i o n, 

Rowett Research Insti- 
tute, Bucks burn, 

Aberdeen, Scotland. 

Printed 

(quarterly). 

(a) Quarterly Bulletin 

(b) Monthly list of 

References. 

1 r 

1 

Animal Genetics, 

^ Edinburgh. 

Printed 

(quarterly). 

Duplicated 

(monthly). 


Various 


20 7 6 


21 6 0 


Tbe Rotbamsted list of extenaea viu&a wm ^ 

Bureau have indexed on their cards so that any research worker who takes m th^ ioumal wiU 

have at hand a complete index of the current literature available at Eothamsted. The same 
is true of the Imperial Bureau of Animal Genetics except that certain references ooUected for 
visiting research workers to the Department of Animal Genetics and not of mterest to the 
general worker in this field are omitted. Thus the list of titles is to some extent selected, but 

the widest possible range is covered with regard to the needs of the correspondent of the 
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lifFEllIAIV AGEI€TOTOT^ ETOIEAUX: . ^ 


B will be aoieci ill at all tiie public ations ba¥e been piieecl. This is necessary as 
there is eleariy a limit to i¥Mch the Bureaux can undertake the free distribiitioa of their 
literature^ On the other hand arrangements have been made to supply a coiisiderabie 
number of copies free varying with the different publications. 

The number of free copies of Animal Nutrition abstracts and reviews is strictly MiiPted. 
This journal is a joint effort on the part of the Executive Council of the Imperial Agricultural 
Bureaux, the Genera! Medical Research Council and the Reid Library at the Rowett Institute., 
Aberdeen. The scientific reason for this joint effort is apparent. On questions of nutrition 
it is impossible to draw a strict line between the Research undertaken primarily for iiuinan 
benefit and that undertaken primarily for the benefit of stock-. Both those who are working 
on human problems and on stock problems are interested in each others progress in research. 
As three different bodies are financing this venture it was found necessary to limit the number 
of free copies issued. 

Concurrently with the issue of these abstracting journals papers will be issued by all the 
Bureaux on particular technical problems or containing bibliographies on special research 
questions as hitherto. 


PLANT BREEDING ABSTRACTS. 

The Imperial Bureau of Plant Genetics has begun to issue a publication entitled “ Plant 
Breeding Abstracts’’ in which all the more important current publications dealing with plant- 
breeding and the genetics of crop plants are listed. The references are classified according 
to subject and each reference is followed by an abstract indicating the subject matter of the 
paper and the results obtained. The papers are divided into two halves, those published 
in the British Empire and those published in foreign countries. Papers written in foreign 
languages are usually abstracted somewhat more fully than papers in English, 

Plant Breeding Abstracts” is issued quarterly and Vol. I, No. S which was published 
OB April 1st, 1031, contains 197 references covering 52 pages. 

The annual subscription for the publication is at present Rs. 5 post free, single copies 
being obtainable at the price of Rs. 1-6. Subscriptions should be sent to the Deputy Director 
Imperial Bureau of Plant Genetics, School of Agriculture, Cambridge, England. 

LIST OF PUBLICATIONS RELATING TO SOILS AND FERTILIZERS, 

We have received from the Director, Imperial Bureau of Soil Science, Rothamsted 
Experimental Station, Harpenden, 2 copies of the first issue of the ‘List of Publications relating 
to Soils and Fertilizers ’—January to April, 1931. This useful publication (An. Sub. 10s. ), 
which the Bureau proposes to issue regularly in future, consists of short notices of all current 
papers and phamphlets indexed by the Bureau, numbering between 1,500 and 2,000 a year. 
Each entry coiitainB the title of the paper in English, an abstract of two or three lines - 
virtually an expansion of the title — , and the indexing number according to the system of 
‘‘Glassification Decimal©.” Interested research workers in India who ^re not receiving copies 
of this publication are Invited to communicate with the Council, 




WOODHOUSE MEMORIAL PRIZE. 

In memory of Mr. E. J. Woodhonse, Late Economic Botanist and Principal of 
Saboiir ±igriciiltiiral College, who was killed in action in Prance in 1917, a prize in 
the form of a silver medal and books of a combined value of Rs/85 will be awarded 
to the writer of the best essay on a subj ect of botanical interest to be selected 
from the list noted below. The length of the essay should not exceed 4,000 words. 

The competition is open to graduates of Indian Universities and to Diploma 
holders and Licentiates of recognised' Agricultural Colleges in India who' -are not 
more than 30 years of age on the date of submission of their essays. 

Papers should be forwarded to the Director of Agriculture, Bihar and Orissa, ■ 
Patna, before November 1st, 1931, 

Failing papers of sufficient merit no award will be made. 

G. S. HENDERSON, 
DireGtor of AgnmiUiiref Bihar and Orissa. 

List of subjects for 1931 prize : 

1. The relative value of inbreeding and out- breeding in crop improvement* 

2. The problem of Fodder Crops in India. 

3. Virus diseases. 

4. Symbiosis and plant growth. 

5. The study of correlations and their economic bearing in the science of plant 
breeding. 

6. The inter-relations between vegitative propagation and seed reproduction. 
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OIIGIIAL ARTICLES 

NITROGEN RECUPERATION IN THE SOILS OF THE BOMBAY 

PRESIDENCY, PART II 

BY 

D. L, SAHASRABUDDHB, M.Aa., M.So. 

Agmidturd Chemist to Government, Bombay Presidency 

AISTD 

B. H. GHATIKAR, M. Aa., 

Assistant to the Agricultural Chemist. 

(Eeceived for publication on 5th August 1931.) 

I. Introbuotion. 

In the year 1925 a memoir wag published with the title Nitrogen Recuperation 
in^ the Soils of the Bombay Deccan^ Part V\ [Sahasrabuddlie and Daji, 1925.] In 
this publication after making a mention of the work of the various investigators on 
the recuperation of nitrogen by soils, details of experiments done on the soil of 
the Bombay Deccan were described. The experiments were conducted in the 
laboratory on the medium black soil of the Deccan, taken at the end of the hot 
weather, kept dry and then exposed to varying conditions of light, water and 
temperature. The results w^ere summarised as given below : — 

(1) When ' water is added to the soil within ten days a large quantity of 
nitrogen is fixed and this goes on increasing till about thirty-five days 
and then slowly begins to decrease. 

■ (2) Up to 30 per cent, of water, the larger the quantity of the water, the 
higher is the nitrogen fixed. 

(3) The fixation of nitrogen and nitrification are higher at 40^0. than at 

lower temperature. 

(4) Increase in nitrogen takes place both in the presence and absence of light. 

(5) The addition of lime to the soil (already containing enough of lime) does 

not show any advantage over the original soil in increasing nitrogen 
fixation, but it facilitates nitrification. 

(6) If the soil which has fixed the highest quantity of nitrogen after being 

moistened, gets dried up and then gets moistened again, the nitrogen 
incxeases further for four or five weeks more and then begins to go 
down. Repeated drying, however, does not increase the nitrogen 
contents beyond a certain limit. 

631 
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(7) If the soil is heated to lOO^l it loses a small quantity of nitrogen. This, 
however, is soon made ups if enongh water is added to it, and the total 
amoTint of nitrogen fixed in the heated soil is found to be higher than 

that in the nnheated soil. 

This paper, which forms Part II, is only a continuatioii of Part I. It gives 
the results of experiments done with different typical soils of tlie Bombay Presidency. 
It also records the results of experiments done to find out the effect on nitrogen 
recuperation of added (u) lime as calcium carbonate, (6) phospliatic substances, (c.) 

organic matter and {d) alkali salts. 

The soils alone or wfith additional substances were' kept at S5''Tl in an 
incubator. It has been showm in Part I that the higher the temperature the higher 
is tbe nitrogen, recuperation up to 40XL This teinpcmtiire is a little higher t^^^ 
the temperature to ' which soils in the Bombay Deccan are raised. The records 
(Manjri Dry Farm) show that the highest daily temperatures of soils during the hot 
season vary from 30°C. to 37%^ and it was hence that during all the experiments 
soils were maintained at the constant temperature of 35*^0. 

It was also observed in Part I that for medium black soil the higher the w^ater 
contents up to 30 per cent, the higher was the recuperation. The water holding 
capacity of the medium black soil as mentioned further on (page 636) is 91*83 per 
cent. Thirty per cent, water is, therefore, nearly one-third the water holding 
capacity. In order to obtain comparative results it was necessary to have water 
with a fixed proportion to the water-holding capacity of the soils. Ail the soils had, 
therefore, water equal to one-third the water-holding capacity. 

General pl(m of experinm%'i^ . 

About 1,000 grams of air-dry soil from the stock material were taken in . a 
brass tray 20*5 cm. in diameter and 5*5 cm. in height. Nitrogen-free distilled \¥ate:r 
was added to the soil in the form of a thin spray to malre up one-third of the water- 
holding capacity. The soil was slightly stirred and evenly mixed up with, water. 
This formed the control pot. Similar trays with the same’quaiitity of the, soil w^ere 
taken up for different treatments. When soluble materials were ' to be added they 
were dissolved in water and the solution was added to the soil in the form of a spray 
and finally extra water was- added to make up one-third the w'ater-Iiolding capacity. 
In the case of insoluble substances the material was first thoroughly mixed with the 
soil and then water w^as added. 

Before incubating the soil trays were weighed and every day water was added 
by spray to keep up the original moisture content. All the trays were carefully 
incubated at 35°0. 
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Ie tlie study of tie recuperation of nitrogren tie following cleteriiiiiiatioiis were 
inacle on tie first clay and on every 14tli day for six weeks. 

(1) Organic and ammoiiicaliiitrogeii. 

(2) Nitrite nitrogen. 

(3) Nitrate nitrogen. 

(4) Moistufc (at 9S'‘'C. in a steam oven). 

Methods of analysis used were the same as given in Appendix in Part I. 

II. Soils useb. 

Tie soils used in tie experiments represent important types. They differ from 
each other snffieiently to be classed separately. A short description and analytical 
figures of each are given below. They help in properly interpreting the results of 
the experiments. 

Desoripiion of Soils, 

Medium hlaok soil : — It is derived from the Deccan trap. The sample experi- 
mented upon was collected near Poona. It had been under bajri or joimr for years 
without any leguminous crop and at least for fifteen years previous to the experi- 
ments it had liot received any manure. It had never been irrigated. 

Deooan Riser SiU : — This is also deri^^ed from the washing down of the decom* 
posed Deccan trap. The place (near Poona) where the soil was collected is flooded 
once or twice every year during the rainy season. The land was never under culti- 
vation. It is used in gardens to replace old soil and to fill earthen pots. 

Gomdu sod : — This is a typical sandy soil well known in Gujarat. It was 
collected at Nadiad. The plot was manured every year with about 1,000 lbs. of 
farmyard manure. Tobacco is the only crop grown on this plot so far, 

Lutenle soil /—This is derived from laterite rock. The soil used for experi- 
ments was collected from a field under garden crop near Belgaum. It was heavily 
manured. 

Table I. 

Chemical Composition, 


black soil 

Percent. 

Moisture (given oS at 98'^0.) . ' . . 6*80 

Loss on ignition (exclndiag moisture given 11*40 

offa.t98°C.) 

Organic matter . 



! 


silt soil 

Goradu soil , 

soil 

Per cent. 

Per cent. 

Per cent. 

6*30 

1*80 ■ 

■ ■ 2*88 ' 

9*12 

2*72 

12*07 , 

1*88 

1*48 

3*79 
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Table I — oonld. 

Chemical Gompodtion — contd. 



Medium 
black soil 

River 
silt soil 

Goradu soil 

Laterite 

soil 


"Pot cent. 

Per cent. 

Per cent. 

Per cent. 

Sand (acid insolnbla) ' 

58-40 

62-51 

67*40 

55*82 

Iron oxide (PegOs) • • • • . ' • 

11*90 

10*72 

4-00 

15-20 

Alumina (AlgOg) . • • ' • 

6*50 

10*76 

i-46 

14*34 

Total lime (CaO) . * • . 

4*73 

1*05 

1*85 

0*41 

Magnesia (MgO) * . • . • 

1*60 

0*40 

0*30 

0*90 

Potasb (KsO) . . . * 

0*40 

0*17 

0*39 

0*31 

Phospboric acid (P 2 O 5 ) . . . 

0*07 

0*089 

0*21 

0*16 

Total nitrogen • . • • • • 

0*048 

0*086 

0.076 

0*159 

Carbonate Lime (CaO) . . 

4*45 

0*73 

1*32 

0*25 



■3 • 

2*36 

0*44 

Equal to calcium carbonate 

7*96 





Table II. 

WateT-soluble constituents. 


Total soltiblo salts 


Containing 
Total carbonate 


Sodium carbonate 
Total cbiorine 


Medium 

black 

soil 


Per cent. 
0‘05 


0*014 

Nil 

0*0035 


River 

silt 

soil 


Per cent. 
0*08 


0*011 

Ml 

0*007 


Goradii 

soil 


Per cent. 
0*09 


0*011 

Nil 

0*0035 


Laterite 

soil 


Per cent 
0*05' 


0*003 

Nil 

0*0035 


The percentage of tota 1 soluble 
in nnv of these soils. : 


i IS 


7inall and there is no sodium carhona 
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The mechanical constitiients as determined by the International Method are 
as given below : — 

Table III. 


Noineiiclatore of 
soil 

separates 

Mean diameter of 
the soil particles 
in millimeter 

Medium 

black 

soil 

River 

silt 

soil 

Goradu 

soil 

Laterite 

soil 




Per cent. 

Per cent. 

Per cent. 

Per cent. 


Sand . . » . . 


6*22 

4*71 

^ 4*48 

4*62 


Fine sand « * , , 

0*2--0*02 

9-04 

35*97 

67*25 

11*68 

' 

Slit 

0-02--0-006 

14-60 

17*50 

12*00 

I1-59 


Fine silt * » * . 

0-006—0*002 

17-00 

11*00 

4*60 

18*60 

, 

Clay 

Below 0*002 

33-00 

16*00 

9*00 

42*00 



Comparative capillary power of the soils used varied as under. Eeadings were 
taken at many stages but only a few are given m the table. 


Table IV. 
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lie “Sticky poiat" [Keen and Contts, 1928 j and water-holding capacity of 
tlie soils gave the following figures : 

Table V. 


Type of soil 

' Moisture 
at %tioky^ 
pomt 

Water- 

lioldiiig 

capacity 

' " '' 

Par ceut. 

Per cent. 


57*73 

' 9i*S3 

1 . Medittm hlmk soil • 




43-50 

m^m 

2. Kv 0 ® silt soil • * » • * * ® 




26-20 

41-59 

3 . Qomdusoil « * 




42*88 1 

68*19 

4 Laterite soil « 


1*% A. a a 


foUowB 








Table VI. 


Medium 

blaok 

soil 

Biver 

silt 

soil 

Goradu 

sol! 

8-3.5 

8*18 . 

8*22 


Laterite 

sol! 


pH value 


III. Effect op addition of lime. 

It is well-known that lime is one of the essential plant food constituents and 

it is observed that addition of lime to some soils has a beneficial effect on p ant 
growth. Russell [1980] has shown that the gain ip nitrogen is much influenced 
W the amount of calcium carbonate present in the soil. Brown [1911] observed that 
oaloium carbonate increased the nitrifying and nitrogen fixmg power of soils. 
Oihers [Wabsman and Karunkar, 1924 ] have observed that the addition of calcium 
carbonate to the soils increased the nitrogen-fixing power of soils . ' 

In Part I it was observed that the addition of Ume to the soil (already 
containing enough of lime) does nob show any advantage over the original soil in 
increasing nitrogen fixation but it faciUtates nitrification. In order to ascertain 
the efieob of additional lime on soils with different percentages of original limp 
experiments were done on Goradu soU from Nadiad, River silt from Poona and 
Latoite soil from Belgaum by adding 3 and 5 per cent, of calcium carbonate. 
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Water was made lip to oiie-tliird of the water-holding capacity and tlic* treated 
trays along with controls for each soil were incubated at 

Table VIL 


MiUigrmis of Mai nitrogen fer 100 grams of soil on oven-irg basis. 


Soil 

Calcium 

carbonate 

added 

1st day 

14th day 

1 2SUi day 

1 

j day 

Qoradii (control) • » . . « 

Por cent. 
Nil 

Per cent. 

77*92 

Per cent. 
82*88 

.,Per cent. 
81*91 

Per rent. 
80*73 

, ,, . with limo added 

3*00 

75*58 

78*11 

82-37 

81*09 

■ »» »§ • 

5'00 

74*04 

76*18 

78-57 

S0-7G 

Biver silt (control) 

Nil 

86*17 

.. 

91*01 

89*15 

„ with lime added . 

3-00 

83*68 

91*37 

91*09 

84*05 

n 9f » 

5*00 

81*86 

93*58 

91*04 

90*31 

Laterite (control) . 

Nil 

163*34 

164*96 

166*20 

166*89 

,, with lime added 

3-00 

158*47 

157*12 

169*12 

166*88 

99 99 • 

5*00 

155*22 

156*20 

166*50 

171*63 


Taking all the soils experimented upon and taking the highest figures reached 
by each soil, in six weeks it is distinctly seen that the higher the percentage of lime 
in the soil the higher is its power of recuperating nitrogen as shown in the foHowiiig 
table. 

The calculation is done as under : — Goradu soil gave 77*92 milligrams of nitro- 
gen on the first day and the highest point reached during the experimental period 
was 82’88 milligrams This means 4*96 milligrams of increase or 6*36 per cent, 
over the original All the figures in Table VIII are obtained in the same fashion. 


Table VIII. 


Soil 

Lime as CaCO* 

pH value 

Hitrogen fixed ■ 
per 100 grams 
of soil over 
the original 
! nitrogen 

Medium black soil . , 



. 

. Per cent. 

7*98 , 

Per cent. 

8*35 

i - 

Per cent. 
21*17> 

Gomdusoil 

. 

. 

• 

2*36 

8*22 

6*36 

Biver silt soil 


• 

. 

1*30 

8*18 

5*6 

Laterite soil 

• 

• 

• 

0*44 

i 5*91 

1 

2*17 


^Tkis figure is obtained from Table XIII for medium black soil control on page 041. 
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The experimenis with additional lime to these soils, clearly bring out tie fact, 
as shown in the table below, that the smaller the proportion of original lime in the 
soil the greater is the beneficial effect of additional lime in increasing the nitrogen 
recuperation power of the soil. 

The figures for Table IX are obtained as under Taking Goradu soil to ilue- 
tote, we have in Table VlII an increase of nitrogen of 6*36 per cent, in the soil 
when no outside lime is added. When 3 per cent, lime is added we get an increase 
from 75*58 to 82*37 (Table VII), ie», an increase of 8*98 per cent. Therefore, the 
effect of additional lime is the difference between 8*98 and 6*36. This is equal to 
2*62 which is the figure given under 3 per cent, lime added in Table IX. All the 
figures in Table IX are similarly calculated. This long calculation is necessary to 
show the exact effect of lime. 

Table IX. 



[Sahasrabtiddlie and Baji, 1920] 
Medium black soil . « . . 

O'OTadii soil . . . . • 

Elver silt soU , , . . 

Laterite soil 


Original lime 
present as cal- 
cium carbonate 


Per cent. 
7-96 
2*36 
1*30 
0*44 


Milligrams of nitrogen fixed over 
that in the control 


3 per cent, 
lime 
added 


Per cent. 
Nil 
2*62 

4*09 

4*55 


0 per cent, 
lime 
added 


Per cent. 
Nil 
2-71 
8*70 

8*40 


As shown in Part I, the Medium black soil which already contains a high 
propoition of lime is not benefited at all by additional lime while all the other 
soils are benefited. In Goradu soil with 2*36 per cent, of original lime, addition of 
3 per cent, shows some increase in the power of recuperation but 6 per cent, addition 
does not show any distinct advantage over 3 percent, because the addition of 3 
per cent, is enough to make up the required proportion of lime and the extra 2 per 
cent, has, therefore, no effect. 
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It was pointed out in Part I [Sahasrabuddhe and Daji, 1926], that the addition 
of lime increased the nitrifying poY-er of the soil. The same tendency was shown |i' 

by the Goradu, Eiver silt and Laterite soils, when treated with lime. ■ !< 

IV. Effect of Phosphatio Substances. | 

Phosphoric acid is one of the important plant food constituents. In a suit- | 

able form it is found to be beneficial to crops and to small organisms. The 
addition of phosphorus to a soil has been found to increase the amount of nitrogen I 

fixed. Bear [1917] gives the following amount of nitrogen fixed with and without jj; 

phosphorus. its 


Table X. 


Without 

phosphorus 

Nitrogen fixed 

With phosphorus 
Nitrogen 


Milligrams 

Milligrams 

Soil without lime ...» 

0*3 

2*0 

Soil with lime 0*06 per cent. . . • 

. . . 0*6 

4*6 


Bussell [1930] mentions that on clay pastures dressings of basic slag have been 
found to increase the nitrogen content of the soil. Pour soils, namely, the Medium 
black, Eiver sUt, Goradu and Laterite were experimented upon to find the effect 
of phosphatic substances on the nitrogen recuperation power of soils. The phos- 
phatic substances used were (1) di-potassium mono-hydrogen phosphate which is 
easHy soluble in water and neutral in reaction, (2) superphosphate which contains 
soluble phosphate and is acid in reaction, and (3) tricalcic phosphate (pure chemical) 
which is very slightly soluble and slightly alkaline in reaction. Bach of the 
substances was added in two portions to each of the four soils. The quantities 
were equal to O'Ol per cent, and O'OIS per cent, of phosphoric acid (P.Og) per 100 
grams of soil on oven-dry basis. All the soils had water equal^to one-third the 
water-holding capacity and all the samples were maintained at 36°C. 

The first trial of phosphoric acid with regard to the nitrogen recuperation 
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pow(ir of tile soil was made witk 0-0076 per cent, and 0-01 per cent, of P^Os in the 
form of sujrerpliosphate on four soils and the results obtained are given below 

Table XI. 


Soil 

1 st (lay 

14th day 

28tlidiay j 

42iid day 



Total nitrogen 

Meditmi black soil (control) . . • • 

. 

1 r 

60*29 

6I-57 

62*46 

„ Witk 0*0075 per cent. PaOg 

• • 

1 51*54^ 

54*22 

64*21 

60-30 

0*01 per cent. PaO^ . 

« # 

J i 

65-08 

64-62 

67-69 

Biver silt (control) 

• * 

1 r 

... 

91-01 

89-16 

„ . witli 0*0075 per cent. P 2 O 5 • 

« • 

>■ 86 * 17^ 

94*92 

105*44 

91*22 

„ „ 0*01 per cent. PaOg 

0 • 

J 1 

96-10 

108-27 

94-66 

Laterite soil (control) . . . • 

• • 

1 f 

164*96 

166-26 

166-89 

with 0*0075 per cent. PaOg 



166*80 

166*75 

156*08 

„ „ 0*01 per cent. P 2 O 5 . • 

• I 

J 1 

169*90 

170*74 

158*74 , 

Goradu soil (control) . • 

« • 

1 ( 

82*88 

81*91 

80*78 

witk 0*0075 per cent. PgOg 

♦ • 

^ 77*92< 

1 

85*94 

79*80 

81*10 

,, ,, 0*01 per cent. PaOg 


J 1 

86*88 

80*64 

81*63 


IIj is XXVIIA VtA'u JL' — i ' »• 

phosph.ate, is added to soils, their nitrogen recuperation power is increased. In the 
quantities used, the larger quantity of phosphoric acid has a better effect than the 
smaller quantity. Actual percentage increase over the control in each soil is as 

gi,«Wow:- taLEXII. 

Peroeniage increase over (he miirol. 


— 

Medium 
black soil 

River silt 
soil 

Latent© 

soil 

Goradu 

Boi 

Original Pa Og . • * . . • 

0*07 


0-16 

0*21 

Soil with added 0*0075 per cent. P 2 O 5 . 

3*41 

16*76 

Ml 

: 3*93 

Soil with added 0*01 per cent. P aOg . * 

9*97 

20*03 

2-36 

i 

6*13 
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The Laterite soil which is acidic is not expected to show any impiovement with 
the addition of acid substances. The River silt has been much benefited, li'ith 
other two soils the sn^alier the original PgOg tte better is the dfect of ndditifowil 
P2O5. 

All the four soils mentioned above were expcriuicnted iipoii with .P..0, in 

titlier forms. 

Each soil was treated with O’Ol per cent, and 0*015 ijcr cent, of in the form 
of potassium phosphate and tricalcic phosphate. The results are given below ; 

Table XIII, 


MiUigratm oj Mai niimjeii in 100 yrunis of mil on oim-dry basis. 


Soil 

Added 

P 2 O, 

1 st daj? 

1 14 th da/\' 

f ’ "■ 

1 i'SUiday 

f 

42iid lia 



Per cent. 





Medium black control . 

• 

JVil 


60-29 

61-57 

62-45 

„ 5 , with potassium phosphate j 

0-010 


■ 59-72 

60-99 

.56-98 

O-Olo 

A 51 *54^ 

67-40 

59*40 

58-25 

„ with tricalcic phosphate 

.1 

0-010 


55-96 

(>6-82 

59-38 


( 

0-016 

J 1 

55-56 

68-90 

61- 61 

Biver silt control .... 

• 

Nil 

f 


9i-01 

80-16 

»» n with potassium phosphate 


0-010 


96-80 

80-64 

SO-21 


( 

0 -M 6 

- 80-17^ 

105-14 

98-18 

86-36 

js », with tricalcic phosphate 

/ 

0-010 


91-89 

106-33 

91-18 

• < 





0-015 


95-31 

I0S*(>2 

95-33 

Lahi.rite silt coiiirol , 

• 

Ml ' 

) f 

164:-9G j 

166-26 j 

166-89 

99 99 with potassium phosphate 

j 

0-010 

>■ 153-84. 

171-95 

161-14 

ISO-14 



0*015 

172-34 

163-91 ■ 

iol-33 

„ ,5 with tricalcic phosphate . 

1 

O'OiO 


167*42 

160*09 

161-62 


0-015 

V. 

175-26 

163-76 

101-93 

Goradu control ... * 

• 

mi " 


82-88 

81-91 

80-73 

„ with potassium phosphate 

( 

1 

0-010 


80-44 

84-07 

80-77 


0-015 

i- 77-92^ 

86-24 

84-4?- 

81-60 

,, with tricalcic phosphate 

j 

0-010 


78-43 

79-75 

82*88 


1 

0-016 


84-17 

79-92 

Sl-96 
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These again point to the fact that addition of phosphoric acid increases nitrogen 
recuperation power of the soil and the higher the quantity added the higher is the 
increase. The percentage of increase over the control is shown by taking the high- 
est figure reached in six weeks for 0-015 per cent, of phosphoric acid added to each 
soil. 

Table XIV. 

Percentage increase omr the increase in the control. 


Soi! 

Potassium phosphate 
0*015 per cent, 

PjOg added 

Tri-calcio phosphate 
0*015 per cent. 

P 2 O 5 added 

Medium black containing 0*07 per cent, ori- 
ginal PsOg 

9*61 

12*51 

Eiver silt containing 0*089 per cent, original 

p 2^6 

16*40 

20*44 

Laterit© containing 0*16 per cent, original 

3*34 

5*12 

Gorado containing 0*21 per cent, original 
PaOs 

4*31 

1*66 


The Eiver silt responds very well to the addition of PaOg. The Medium black 
soil which contains a small proportion of P2O5 also responds to the addition of P2G5 
but the other two soils which contain enough of P2OS, do not much respond. The 
tri-calcic phosphate on the whole shows a better effect than potassium phosphate. 

Comparing PgOg in the form of superphosphate with that of tri-calcic phos- 
phate the comparative results are as given below : — 

Table XV. 


Percentage increase in nitrogen recuperation over the increase in the control. 


Soil 

Superphosphate 0*01 
per cent. PjjOg added 

Tri-calcic phosphate 0*01 
per cent. PgO- added 

Medium black soil containing 0*07 per cent, 
original P 2 OS 

9*98 

8*48 

Biver silt containing 0-089 per cent, original 
PA 

20*03 

17-7S 

Laterite containing 0-16 per cent, original 

PA 

2*36 

0-32 

Goradtt soil containing 0-21 per cent, original 

PA 

5*13 

Nil 
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"'W* is 

w IMe , P»“»“ plo-piate, alftougb *o»., 

very little effect especiaUy m such low proportions as 0-010 per cent. With 0-015 

Sriff ;f but not quite as much as tri-calcic phosphate. 

The effect of superphosphate and tri-calcic phosphate may be partly due to theUme 
present m these, but the effect cannot be chiefly attributed to lime. The Medium 
black soil contains a good amount of original lime but a smaU quantity of P,0, • 
and It IS more benefited than other soils which are poorer in lime and richer in 


V. BppBOT OP ADDITION OP ORGANIC MATTER. 

Organic matter is a very important constituent of the soil, especially in India 

n Z 'T!"” “ ““ “ '»“S P'*'!. i* Ew/ i« 

a good amount of organic matter. ^ 

Nitrogen contents of the soils cannot increase by themseWes. Russell 119271 
says that mcreases are possible only when carbon is increased. He also mentions 

son [ 1918 ] by the addition of sugar, straw, plant, roots, etc., and Joshi [ 1919 ] by the 
addition of glucose cane sugar or filter paper have observed that the nitrogen oon- 
ts of sand or soil may be appreciably increased. Joshi also shows that the m'tro- 

within four weeks. AUison [1927] observed 
-blemannrehad an adverse effect o^nitrLtion S 

^ as organic 

matter. As a practical measure addition of cane sugar to the soil is out of the 
question but for experimental work cane sugar was selected in order to avoid aU the 

nrfdTe?Z-ff ol^y'i^ate material The object was to see what effect was 

protod on different soils if the same quantities of soluble carbohydrates were added 

simnlp fi b f ^ question could be obtained by adding a 

simple suDsteucc like cane sugar. ^ 

Goradu, River silt and Laterite were the three soils selected for experiments. 
They cont^n different proportions of organic matter. Cane sugar was added in 
solution in two pr^ortions-two per cent, and four per cent. Water was added to 
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MilMgmms of Mai nilrogen jmr 100 grams of sml, on oven-dry basis. 


Soil 

Original 

organic 

matter 

Added 

siigar 

1st day 

14tli dity 

28th day 

42iici day 



Per cent. 





Gorado 

1-48 

Nil 

77*92 

82*88 

,81*01 

80*73 

Do. ' , . . . 

1*48 

2 

75*18 

96*82 

91*84 

90*40 ■ 

Bo. . ■ ... 

1*48 

4 

74*11 

96*00 

94*96 

95*95 

River silt) . v. • 

1*88 

Nil 

86*17 

.. 

91*01 

89*15 

Do. .... 

l*8S ' 

2 

84*46 

94*80 

104*65 

96*50 

Bo. .... 

1*88 

4 

82*76 

94*84 

104*76 

95*77 

Laterite .... 

3*79 

Nil 

163*34 

164*96 

166*26 

166*89 

Bo, .... 

3>79 

2 

159*12 

159*08 

162*86 

167*22 

Bo. 

3*79 

4 

__ 1 

156*85 

156*10 

163*16 

166*78 


Addition of 2 per cent, sugar shows a beneficial effect in increasing nitrogen 
fixation power and a further addition of 2 per cent, shows a further small advantage 
with the three soils, under experiment. If the highest figures reached in six weeks 
are taken the per cent, increases over the increase in the controls are as follows : — 


Table XVII. 


Peroenlage increases over the increase in the control. 


— 

! 

Ooradu soil 

Biver silt 

Laterite 

With 2 per cent, sugar . 

. . 

. 

22*42 

14*98 

2-83 

With 4 per cent, sugar . 

• 

. . 

23.17 

15*10 

416, 

Original organic matter . 

• 

* 

1*48 

!*8'5 

'3*79'. 


The smaller the proportion of original organic matter the greater is the effect 
of added organic matter. 
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Tte effect of added sugar on tlie nitrification in the soils is deleterious at least 
for six weeks as will seen from the following table :■ — ' 

Table XVIII, 


Milligrams of nitric nitrogen per 100 grams of soil on oven-dry basis. 


Soil 

Added sugar 

1st day 

14th day 

28tli day 

42iid day 

Gorada « 

Per cent. 

Nil 

1*65 

2*73 

3*33 

3*22 

Bo. . . 

2 

0*60 

0-38 

0*39 

0*24 

Bo 

4 

0*64 

0*42 

0-37 

0*20 

River Silt 

Nil 

0*94 

— 

4-13 

5*26 

Bo. .... 

2 

0*94 

0-3T 

0-34 

0*20 

.Bo 

4 

0*94 

0-33 

0-43 

0*23 

Laterit© 

Nil 

1*02 

4-10 

5*80 

6*25 

Bo. . 

2 

1*02 

0'17 

0-13 

0*17 

Bo 

4 

1*02 

0-12 

0*16 

0*17 


VI. — Effect of Alkali Salts. 


There are several tracts in the Bombay Presidency where alkali salts are found 
ill the soils. In some places the quantities of the alkali salts are so much that the 
soils produce but a very poor crop or sometimes none at all. 

Greaves [1922] and his associates and also Singh [1918] have found that the 
alkali salts like the carbonate, the sulphate and the chloride of sodium in limited 
quantities, stimulate nitrogen fixation but beyond certain concentrations they 
become toxic. Much work has been done on this particular question but the 
results obtained are not in all cases exactly the same. 

The most important of the alkali salts are the carbonate, the sulphate and 
the chloride of sodium. In the experimental work done these salts were separately 
tried in two proportions on the following soils,' The soils contain very small quan- 
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of soIuH, Bdte and none of tten. showed any trace, of sodiun. carbonate 

which, is strongly alkaline. 

Table XIX. 



Total soluble salts. 

- 

Percentage on oven-dry 


basis 


0-086 

Medium black soil 



0-085 

Kiver silt soE« 

0*092 . 

Cloradu soil .,*•••***” 

0*051 

Laterite soil . . • • • , • * • • 



The Medium biacir sou was rreawu w.um 

the Laterite soils were treated with all the three alkali salts m the proper lo 

given below ; — ' 

Table XX. 


Sodium carbonate . 


Total soluble salts » 
Parcentage on oven-dry 
basis 


0*01 


Do, do. . 
Sodium suipbate 
Bo, do. 
Sodium oMoride 
Bo# do. . 


0’02 

0-02 

0‘04 

0*03 

0*06 
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After making up tlie necessary porportion of water the trays were iiiouhatecL 
The results were as follows : — 

Table XXI. 


Milldgmms of total nitfogen in 100 grams of soil on oven-dfg basis. 


Sol! 

Quantity of 
salt 

1st Bay 

14ih day 

28th day 

42iid day 


Per cent. 







Medium black. 

NU 



f 

00*29 

61*57 

62*15 

Medium black with' sodium 

( 0-01 


^ 51*54 -1 


66*o3 

57-73 

55-44 

carbonate. 

"( 0'02 

j 

1 


56*38 

57-60 

53*96 

Goradu . „ , , 

mi 


! 

r 

82-S8 

81-91 

80*73 

Goradii with sodium ear- 

(j- 0-01 




77*75 

79*86 

81-22 

bouate. 

( 0-02 




79*56 

80*04 

79*93 

1 

Goradu with sodium sul- 

r 0-02 


77-92 < 


78-54 

79-75 

8i-36 

phate. 

i 0-04 




79-35 

79-56 

8i-0S 

Goradu with sodium chlo- 

' r o*o:3 

1 



78*92 

78-S9 

81-05 

ride. 

1 O’Oci 

j 


i; 

78*64 

78*81 

80-41 

Laterite 

NU 

n 


r 

164-96 

■ 166*26 

166-89 

Laterlte with sodium car- 

O'Ol 




163-42 

164-21 

165-57 

bonate. 

1 

( 0-02 




163-95 

163*48 

163*64 

Laterite with sodium sui- 

^ 0‘02 


y 163*34 H 

1 


165-11 

161*93 

166-74 

phate. 

1 0*04 




164-22 

161-15 

163-69 

Laterite with sodium ohio- 

^ 0*03 




163-75 

164*64 

168*33 

ride. 

1 0*06 

- 

j 


159-26 

■ 158-32 

162*18 


The effect of the alkali salts will he easily understood if the percentage varia- 

tion film or wmim from the per cent, increase in the control is calculated as in the 
■ ■ c 2 
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Only the highest figures obtained in six weeks are taken for 

Table XXII. 



Pefoentuge variation from percentage increase 


of nitrogen in the control. 


Soil 


Sodium carbonate 


0*01 

Per cent. 


0*02 

Per cent. 


Sodium sulpliate 


0*02 

Per cent. 


0*04 

Per cent. 


Sodium chloride 


0*03 

Per cent. 


0*06 

Per cent. 


- 9*16 

- 2-13 

- 0*82 


- 10*0 

- 3*64 

- 1*80 


■— 1*95 

~-0*l 


- 2*31 

- 1*64 


-2*35 

- 0*85 


- 3*17 

- 2*88 


Medium black . 

Goradu 
Laterite . 

sodium chloride in the proportion 
of 0-03 per cent, had no deleterious effect on Laterite soil but with this, exception all 
the salts in both the proportions showed a deleterious effect on the soils m heir 
nitrogen recuperation power. It is also clear that the higher the proportion^ o the 

salt, the greater is the effect. Out of the three salts, sodium carbonate had the 

worst and sodium chloride the least effect. , . , . , , 

The greatest effect is produced on the Medium black soil which contains the 
highest percentage of lime while the Laterite which has the smaffest proportion of 
Hme and which is distinctly acidic as indicated by its pH value has the least dele- 
terious effect. 

Table XXIII. 

Percentage variation from per cent, increase of nitrogen in lU control. 


Soil 


Lime as CaCOs 
present original- 
ly in the soil 


pH value. 


Per cent, variation from ' 
per cent, increase of 
nitrogen in the control 
with 0*02 per cent, 
sodium carbonate 


Medium black . 
Goradu soil 
Laterite soil 


7*96 

2*36 

0*44 


8*35 

8-22 

5*99 


— 10*0 

•— 3*64 

— 1*80 


No effect of these salts favourable or unfavourable was produced on the nitri- 
fying power of the soil. 
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Tte experiments with the River silt soil require separate mention becaase the 
results are not in all respects in the same direction as those of other soils. When 
the River silt soil was treated with the alkali salts the following results were 
obtained : — 

Table XXIV. 


MiUigmms of total nitrogen per lO'J grams of soil on oven-dry basis. 


Soil 

Quantity 
of salt 
per cent. 

Ibt day 

14th day 

28th day 

42iid day 

Biver silt - , • 

r 

mi 


r .. 

1 

91*01 1 

80*16 

-< 


0-01 

1 86*17 

i 95*13 

94*61 

97*28 

„ with sodium carbonate . 




1 





0-02 


t 94*07 

92*93 

98*22 

( 

0*02 

) 

r 87*79 

86*03 

92*06 

„ with sodium sidpbate , . 


f 86*17 




1 

0-04 

3 

( 90*79 

88*44 

86*82 

/ 


0-03 

) 

r 95*02 

97*85 

96*40 

5 , with sodium chloride . . ) 



f 86*17 






0*06 

3 

( 94*78 

94*98 

99*16 


In the case of the River silt except with 0‘04 per cent, sodium sulphate where 
practically no effect is produced, the addition of alkali salts instead of produciug 
a deleterious effect has stimulated the soil to fix nitrogen as shown below : — 


Table XXV. 


Per cent, increase of nitrogen over the increase in the control. 


Soil 

Sodium carbonate 

Sodium sulphate 

1 Sodium chloride 

0*01 per 
cent. 

0*02 per 
cent. 

0*02 per 
cent. 

0*04 per 
cent. 

j 0*03 per 
cent. 

0*06 per 
cent. 

Biver silt .... 

6*98 

7-92 

1*15 

—0*24 

7*6 

8*96 


Sodium carbonate and sodium chloride have distinctly stimulated the River silt to 


fix nitrogen and the higher quantity has given greater stimulation. Jt means that 
the quantities of alkali salts added were not sufficient to produce a bad effect on 
the River silt. In these experiments the alkali salts did not show any effect on 
the nitrifying power of the soil. 
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Summary of Conclusion, 

1. As regards tlie soils experimented upon, the higher the percentage of lime 
in tie soil, the higher is the nitrogen recuperation power of the soil The smaller 
the proportion of original lime in the soil the greater is the henelicial effect of addi- 
tional lime upto a certain limit in increasing the nitrogen recuperation, power of tlie 
soil. 

2. Additional lime always increases nitrification. 

3. ■ When superphosphate is added to soil its nitrogen xecuperatioii power is 
increased except in the case of Laterite soil which has an acidic reaction. In the 
quantities used the larger the quantity of superphosphate added the better is the 
effect. 

4., Similar results are obtained by the addition of tri-calcio phosphate or 
potassium phosphate. 

6, The smaller the quantity of original phosphoric , acid in the soil the , better is 
the effect of additional phosphoric acid. 

6. Out of the three foims used in supplying phosphoric acid, superphosphate 
proved to be the best (except on acid soil), tri-calcic phosphate stands next but not 
much below the superphosphate. Potassium phosphate stands third. 

7. Addition of 2 per cent, of soluble organic matter like sugar has a good effect 
onnitrogenrecuperationof soil.- ■ Further ' addition in the case of the soils experi- 
mented upon does not show much advantage. The effect produced, is higher with 
soils containing sm.a]ler quantities of original organic matter than wMi tJiose coii- 
tainmg larger quantities of original organic in,atter. 

8. Addition of sugar has a deleterious effect on the nitrifying power of t!ie soil 
at least for sometime. 

9. The alkali salts — sodium carbonate, sodium sulphate and socliiiin chloride — 
when added to Medium black soil of the Deccan, Goradii and Laterite soils show a 
deleterious effect on the nitrogen recuperation power of these soils. Sodium 
carbonate is the most and sodium chloride the least harmful of the three. 

10. The alkali salts have the worst effect on the Medium black soil while their 
effect is the least on the Laterite which is an acidic soil. 

IL The, alkali salts with the quantities used in the experiments show a stimu- 
lating effect on the nitrogen recuperation power of the River silt soil. 

12. The River silt ■ which is a freshly deposited soil is easily stimulated by the 
addition of lime, phosphoric acid or organic matter and is also stimulated by the 
addition of small '.quantities of alkali salts , in increasing its nitrogen recuperation 
power. 
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MELIMINAEY WORK ON THE MANURING OF SUGARCANE 

IN NORTH BIHAR. 


BY 


A. R CLIPR B.A,, Dip. Agbi. (Oaotab.), 

Deputy Director of Agriculture^ North Bihar Range, Bihar and Orissa. 

(Beceived for puMicatioii oil the 20th June 1931.) 


Introduction. 

Sugarcane is the most widely grown cash crop of North Bihar, and is y early 
becoming of greater importance in the economy of the ryot ; and for some years 
work on (a) the testing of new varieties for distribution, (b) better methods of culti- 
vation and (c) manuring, has taken a leading place on the Departmental farms in 
the range. From (a) the Coimbatore varieties Co. 210 and Co. 213 have spread 
themselves over the range. From (6) the growing of the crop in lines, interciiltiva- 
tion through the hot weather and earthing during the monsoon with cheap bullock- 
drawn implements, have spread through the European factories and are gradually 
being adopted by the ryots. In (c) progress, though much slower, has now reached 
a definite stage. 

It must be remembered that over the greater part of the tract, sugarcane is 
grown entirely without irrigation. The cane is planted shallow in February and 
early March, the land is beamed flat, and hoeings or intercultivations given at in- 
tervals through the hot weather to keep down weeds and conserve moisture till the 
monsoon. In certain areas where the soils are heavy and seem to dry out early, 
feeble irrigations are given in the hot weather, severely limited by the- supply of 
water available and solely to keep the cane alive. Similarly supplies of farmyard 
manure are always inadequate and the cane gets generally a very small dressing. 
Where the land is a medium loam in really good condition yields of 600 to 800 
maunds per acre are common but on most ryots" lands, owing to poor cultivation 
and inadequate manuring, the yields rarely exceed 300 maunds per acre. 
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Earlier mahurial trials. 

Manurial trials on sugarcane were started tentatively in the North Bihar Range 
at the Sepaya Earm in 1925-26. It had Been the custom for years to prepare the 
land for cane by green manuring with /Satiai and by adding heavy dressings of 
cattle manure ; also at first, small dressings of artificials were added to these 
preparatory applications for experimental purposes. The first trial in 1925-26 was 
to test the effect of extra nitrogen, and 80 lbs. 100 lbs. and 120 lbs. nitrogen per 
acre in the form of ammonium sulphate, was added to the basal dressing. The 
results (Table I) showed that the extra nitrogen had little effect and that what in- 
crease was obtained was not economic. But in the same year the effect of 80 lbs. 
P2O5 per acre added to the basal dressing, was tested against that of 80 lbs. nitrogen 
in. ammonium sulphate ; as a result it was found that the plots given super gave 11 
per cent, more cane than those given ammonium sulphate, and the difference was 
statistically significant (Table II). In a third trial in the same year where super to 
give 80 lbs. PgO^ was added to 80 lbs. nitrogen in ammonium sulphate, botli on top 
of the basal dressing, the addition of the P^Og increased the yield by a statistically 
significant 10 per cent. (Table III). In both cases the increases were only 70 odd 
maiinds of cane, but that was because the land having been well prepared and 
manured, the yields of control plots were high. The important point remained that 
even on such good land, P2O5 still gave an appreciable and constant increase. 

The writer took over the range in the cold weather of 1926-27 and found that 
that season iiad been almost entirely wasted for this purpose because in the manurial 
trials small dressings of artificials had been added as top dressings on the richest 
and most heavily -manured cane land and of course gave little or no effect. But 
from other trials on rabi crops it was further made clear that this soil did respond 
to applications of P2O5 in a marked degree ; and in one cane trial the substitution 
of 65 lbs. P2O5 for 40 lbs. nitrogen in a dressing of 80 lbs. nitrogen, gave a ismall 
but highly significant increase, though all the yields were very high (Table IV). 
It seemed clear that on this land phosphatic manures were, likely to be more pro- 
fitable than nitrogenous ones. 

In 1927-28, therefore, only phosphatic manures were tested, no preliminary 
manures were given to the plots and sufficient replications and controls were in- 
cluded to give a high degree of significance. Unfortunately the writer, selecting a 
uniform plot, picked one also very rich, so that all the jrields w’ere very high 
and the effect of the manures was to a great extent masked. Even so {vide Table 
V) super to give 50 lbs. per acre gave its usual 10 per cent, increase statis- 
tically significant, Guano at 3|- maunds per acre, Ammophos to supply 38 lbs. 
nitrogen and 48 lbs. PgO^ gave only insignificant results. 
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Mmmrial trials on Sugarcane, Befaya (Baran), 1925-26 and 1926-27. 


Year, 

crop 

and 

pla-ce 


Prepara- 

tory 

iiianBriiig 


1925-26. 
Co. 21S, 
Sepaya 


Creen 
maaiiring 
and farm- 
yard 
manure 


Ma.iiures tested 

Number 
of re- 
plications 
and size 
of plots 

Mean 
yield 
p€^,r plot 
maiinds 

Statistical treat- 
ment by student’s 
short method. 

Notes 

Bid. 

Plots 

com- 

pared 

Md. 

Ed. 

Ammonium sulphate 
(1) 80 lbs. nitrogen ' , 
per acre 

TABLI 

G , 

: I. 

51-5 

1*6 

1 and 2 

0-2 


(2) 100 „ 

•094 acre 

5P8 


1 and 3 

2*1 

(3) 120 

.. 

64-8 


1 2 and 3 

1-9 


1925-26, 
Co. 210, 
Sepaya 


Green ^ 

manuring 
and faiMi- 
yard 
manure 


(i) Snper 80 lbs. 
Pa Oj5 per acre 


TABLE IL 




1*7 


1 and 2 


3*2 


(2) Ammoninm snlpbate 
80' lbs. nitrogen per 
aor© 


•072 aor© 


47*9 


80 lbs. Pg Og , gav© 
11 per cent, more 
crop than 80 lbs. 
nitrogen. 


1925-26, 
Co. 210 


Green 

manin’ing 
and fann- 
yard 
man'ure 


(1) Ammonittm sulpbate 
jSltrogen 80 lbs. per 
acre -f Super P2O5 
80 lbs. per acre 


TABLE III. 

6 ! 66-S 

*072 acre 


1-7 


1 and 2 


3*1 


2. Ammonium sulphate 
Nitrogen 80 lbs. per 
acre 


51*6 


1926-27, 
Go. 210, 
Sepaya 


■ Green 
manuring 
andiarm- 
yard 
manure 


1, Ammonium sulphate 
Nitrogen 40 lbs. per 
, acre + , Super Pg Og 
65 lbs. per acre 


TABLE lY. 

5 ■ 

•027 acre 


31-5 


The addition of 80 
lbs. Pg Og to the 
100 lbs, nitrogen 
increased the crop 
by 10 per cent. 


2. Ammonium sulphate 
Nitrogen 80 lbs. per 
acre 


30-2 ■ 


1 and 2 


4-3 


Til© substitution of 
40 ibs. nitrogen 
by 65 ibs. PgOg 
per acre increased 
the yields by 4 
per cent, though 
the yields were 
very high. 



PRELIMINARY WORK. ON MANURINO OF SUOARCAKE IK NORTH" BIHAR (MB 


Mmmfial Tfids on Sugarmne Befaya, Bmmi, 1927-28, 


Year, 
crop 
a, lid 
place 

Ma.iiiires tested in 

1 lbs. per acre 

Number 
of re- 
plications 

.-.rs 

Mean 
yield 
lier plot 
maunds 

Statistical treat- 
ment by stiideiitts 
short .metliod 


Kind 

Nitrogen 


and size 
of plots 

Ed. 

Plots 

com- 

pared 

jiMd. 

Ed. 


1927-28, 
Co. 210, 
Sepaya 

1. No manure j 

TABLE V. 

9 1 21-4 

*58 

1 and 3 
with 2 

2*1 


2. Snper 

0 

40 

[ 

2 oh.x9 ft.| 

1 

22*6 i 

i 


.. 


Although the Ia.nd 
was very rich 
Super gave 'a 10 
per cent, increase. 
Guano gave an 
increase also but 
decidedly less 

while AmmophoB 
gave no signifi- 
cant increase. 


3. 

No manure 


= 3 acres 

no 

j 19*9 


3 and 4 : 

j 

2*4 


4. Guano 

... 

1 

21*3 

•• 

2 and 4 

2*24 


5. 

No manure 


•• 

20*7 

•• 

- 

.. 


6. Ammop.lios 38 lbs. 

60 


21*5 

*• 


•• 



Accurate Trials on Representative Land m Different Parts of North 

Bihar. 

By 1928-29 we had realised that most; of our land was far richer than that 
used for cane in the districts, and we must therefore put our trials on the poorest 
uniform land we could find on the farm, that only small dressings of nitrogen 
seemed likely to be efieotive while the important application was phos|)hate, but 
that the best amount to use and the best time to apply it were doubtful. Also^ we 
had by now standardised the method of trial, using plots, 2 chains long and 6 rows 
■wide, of which only the three centre ones were to be manured, the two side rows 
of each plot being border ones. Manures applied at planting were put in the 
furrows under the sets of the three centre rows. Those applied at earthing were 
spread in the right quantities in the four centre inter-row spaces of the plot, mixed 
into the soil with a cultivator, and thrown up to the rows of cane by the earthing. 
There were at least 6 repetitions of the whole series of treatments and unmaniired 
control plots were scattered at frequent and regular intervals. ■ 

At Sepaya two decidedly elaborate trials were laid down — 

(i) on diara land inside the farm, selected as of medium fertility and thought 
to be fairly uniioiiQ. and not manured except in. the trial ; and in this series plots . 
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receiving farmyard manure at 270 maunds per acre plougted in December for 

February planting, were included. _ 

(ii) “on bigh. light, poor land outside the farm, selected as being very poor 
but apparently uniform and healthy. The farmyard manure series had to be 
omitted from this series because the area of land available was insufScient. 

The table below shows the arrangement of the plots, the dressings applie , 

the points it was hoped to bring out, and the mean yields per plot. 

TABLE ¥1. 




No. 

Mari'jires appiieci in Ibs, per acre 

At planting 

1 At eai’fcbing 

L . 

N j 

P,05 

i N 

' P 2 O 5 


I FaTi:aya-rd manure at 270 | 

rnaiiiidB per acre in Becem- 


Mean yields per plot in. 
seers. Average of 6 
replications 


Comparisons it was liojied 
to make 


Co. 210 on 
(liar a 
far m 

I land 


951 


Co. 213 
on poor 

high 

land 


2 


3 


ber 


No manure 


20 


50 




Standard dressing of Farmyard 
manure F^. No manures F.s. 40 
lbs. nitrogen & 50 Fos. P 2 O 5 


800 

906 


367 

531 


4 

5 

6 

7 

8 
9 


,20 
20 

'No manure . 
20 
0 
0 


25 

0 

60 

50 

50 


20 


20 




20 

40 

60 


p ^ J 

Iso 3 


Effect of different times of appli- 
cation. of til© plios|)liate 

No manure F-s. 40 lbs. N and 50 
ibs. F^O- F-s. 4u ibs. nitrogen 
and iOOlbs.PaOs 

S,flect of di,fferent times of apply- 
ing nitrogen 

Effect of different quantities of 
nitrogen 


886 

891 

849 

901 

890 

836 

757 


548 

557 

366 

660 

616 

646 

376 


10 


.No manure 


' Thcsl two trials, both during their growing period and from final results, gave 
much important information. On the richer heavier diafa laud all yields were high 
and differences relatively small, usar patches developed during the season and yields 
were irregular and the probable error relatively high. The farmyard nianure gave 
1,S9 maunds per acre stripped cane more than the no-manure plots, and this differ- 
ence was highly significant (I ==5-1). Both 40 lbs. nitrogen and 60 lbs. and 

40 lbs. nitrogen and 100 lbs. gave approximately the same increase, 90 maunds 
per acre, over the no-manure plots ( 3-6) but the difference between the 

best yield from the 40-50 dressing and that from the farmyard manure was not 
significant. No significant differences could be detected on account of different 
times of applying the P2O5 or the nitrogen. 
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But on tlie poor, Mgh, light land outside the farm very different results were 
observed. To begin with the effects of the manurial dressings compared wdth no 
manures were very obvious to the eye from August onwards and the greater 
benefit due to the heavier applications of phosphates was equally visible. On the 
unmanured plots the cane was even but poorly tiiierad, badly grown, yellow and 
unhealthy, heavily attacked by borer. The plots that received 40 lbs. nitrogen 
and 50 lbs. P2O5 were obviously better in every respect and those dressed with 
40 lbs. nitrogen and 100 lbs. PjOj were visibly better still. The final weighings 
confirmed these observations and gave further details. 40 lb.s. ’ nitrogen and 50 lbs. 
1*206 gave a significant increase over no manure of 150 maunds per acre, 

( Ed. ~ 40 lbs. nitrogen and 100 lbs. P^Os gave an increase of 250 maunds per 

acre (^^ =13-6) 

Tlie diffea^erice of lOf^mauEcls between the results of these dressmgs was very 
significant = 4 * 8 ^ Applying part of the nitrogen at planting and the rest 

at earthing as contrasted with applying it all at earthing gave an increase of 
40 maunds per acre, just signifinant. 

But differing times of applications of the phosphate made no difference nor 
did an increase in the nitrogen applied (Tables VII & VIII). 

At the Sewaii Farm in the same season a much simpler trial was carried 
through on Co. 210 cane on land lightly manured, with cow-dung in which 20 lbs, 
nitrogen and 60 lbs. P2O5 at planting vras tested against no manure and 20 lbs. 
nitrogen and 60 lbs. PgOg at planting wdth a further 20 lbs. of nitrogen at earthing. 
For plan and detailed results see Table IX. 20 lbs. nitrogen and 60 lbs. P^Og at 
planting gave a just significant increase of 62 maimds per acre over no manure , and 
the addition of a further 20 lbs. nitrogen at earthing raised this increase to 132 
maunds per acre. 

Mm%ufial trials on Sugarcane 1928-29 [Saran Disifict). 



Manures applied in lbs. per acre 

No. of repli- 
cations and 
size of plots 

6 replica- 
tions 


' 

Statistical trcfitmcnt 
by student’s short 


Nature 0^' 

At planting 

At eartWng 

Mean yield 


method 


Notes 

{jxii'il jfilld 

crop 

per idot 


Plots 

om]:)ar- 

ed 


N 

P.0, 


Bd. 

Md. 

.Bd. 


1928-29, . 
Co. 210, 
.Sewan 



1 

TABLE m 





1 

No manure 

Plots 2 ' 
chains x9 
feet. 

17*9 mds. 

•88 

1 & 2 

4*1 

40 lbs. nitrogen and 50 

2 

S!0 50 

20 

21*5 „ 


2 & 4 

2*2 

lbs. Pa Ob lias given 
a very significant 
increases over no 

3 

No manure 


17*9 


3 (fe 4 

1*94 

manure and a Just 

4 

20 50 

1 


19*6 „ 




significant one over 

5 

No manure 


17*7 „ 




20 lbs. nitrogen and 
50 lbs. Pa 0,. 
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Manures npi>li<-d In lbs. per ncre 


.Njiiiir* oi 
trial and 
erop 


At planting 


At earthing 


No. of repli- 
cations and Mean yield 
si:?e of plots per plot 
6 re piitia- 
tions 


TABLE ¥ffl. 


Statistlea 1 tr eatiu t; ii i 
by student’s short 
method 


Plots 
compar- i 
ed 


8i‘paya Co. 

‘2i0 cant* 
on diara 
land 


Farmyard manure at 270 mds. per 
acre in Becemher 


6 replica- 800 

tions plots 
2 cliains 006 

long by S 
rovvs = 9 886 

feet wide 

with tvro 891 

border 

rows per 849 

plot not 

included, 901 


Sepaya 
Co. 213 
cane on 
poor big!) 
land 


TABLE IX. 


5*158 All the manurial dress- 
ings have given very 
3*621 significant Increase 

over the “ no 
. . maniire”js but the 

difference between 
2-938 the different drc’ss- 
I ings, are not signi- 

2*828 ficant. Tlpi relative 
richness of the land 
: 3*142 made. , the heavier 

dressings of no more 
. . avail tiiaii the light 

ones, and its irregu- 
2*707 larity of fertility 

militated ' against ' 
the detection of 
differences ' due to 
,, the different times 

of application of 
the phosphate 


In this trial the laud 
was poorer but more 
uniforiu and the 

differe]aceS:due toithe 
inaniiriis were very 
evident to the eye 
from August on- 

Wi^rds. The differ- 
ences due to ali the 
Eianiirial dressings 
vi’cre very large and 
very signilcuiit, 
while thougli dress- 
ings of 401bs. nitro- 
gen and 50 lbs- 
gave ' iiiert-ases ■ of 
150 mds. o!.' cane 
per acre, the addi- 
tion of a fuither 
5 lbs. per .acre in- 
creased ti is diffcT- 
cnceto 250 mds. The 
time of d,!':‘pli cation 
of phospliate, i.e 
■whether applied 
early or late, had no 
effect, but applying 
part of the nitrogen' 
early increased the 
yield by 4'; mds, per 
acre '■ and chances 
are |ust over 30; 1 
, that this .is real. 


From the results of this season's trials it seemed clear that on the kind of 
land on which cane is geteially giown by cultivators in North Bihar a dressing 
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of artificial manure containing between 40 lbs* nitrogen and 50 lbs, PgOg and 40 ibs, 
nitrogeij and 100 lbs. P 2 O 5 was likely to be very profitable on cane. 

The question of farmyard manure was postponed for tlie present as very 
inadequate dressings are available for use on cane by cultivators, and tlie qiiestioii 
of time of application of the phosphate was further investigated at Sepaya. But 
the other farms in the range were utilised for a range iiiaiiuriai trial on sugarcane 
on the following, plan, the trial being in every case on land not manured in its 
preparation for the cane crop. 


Manures applied in lbs, per acre. 


At planting 

At earthing 

1 

Total 


H 

P .06 1 

1 N 


N 

P. 0 , 

1 

.. 


No manure 



«• 

2 

20 ! 

25 

j 20 

25 

40 

60 

3 

20 

37*5 

20 

37-5 

• 40 

75 

,4 

.. 

.. 

No manure 

.* 

. . 

. . 

5 

20 

50 

20 

50 

40 

100 

6 

20 

50 

40 

50 

60 

100 


Plots were repeated in the same order at least 6 times and fi.nished with an extra 
no -manure plot. The trials were all carried through according to the technique 
standardised in 1927-28, and as the results came in, they were treated statistically 
by student's short method and the results have been piiliishtd in the annual 
reports of the farms concerned. 

There are so far seven results of this trial available and except for the one 
already discussed ib on poor high land at Sepaya all show much the »same features. 

1 . In all the trials the dressing of 40 lbs, nitrogen and’ 50 lbs. PgOg per acre, 
part at planting and part at earthing, has given a statistically significant increase 
of crop ranging from 66 maunds per acre on poor heavy land at Sewan in 1930-31 
when, on account of drought, the stand of cane was so bad as to yield only 
240 maunds per acre on the unmanured plots, to 253 maunds per acre at Darbhaiiga 
in the same- year, 

2 . in no trial except the Sepaya one of 1928~29 has either 40 lbs, nitrogen and 
75 lbs. P 2 O 5 or 40 lbs. nitrogen and ICO lbs. P^O^ given an appreciable cr significant 
increase over the 40 : 50 dressing. 
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3. In only one case, that of DaiManga, 1929-30, has the dressing of 60 lbs. 
nitiogeii and 100 lbs. P 2 O 5 given a significantly better yield than the 40 lbs. nitrogen 
and 100 lbs. P 2 O 5 . 

North Bihar Range. 


"fear 

1 Place 

Cano 

Moan yields in. Mils, per plot (132''x 9') from oacb 
treatment 


Ed. 

3 

Remarks 

1 Maimres applied in ibs.per 

acre 

Ho. of 

Ho 

Mamiri^ 

N P 3 O 5 

40 50 

K .FaOs 

40 75 

m 

Manure 

H P 2 O 5 

40 109 

N P,0, 

60 100 

cations 

19211-30 

Se-van . 


16*4 

TAi 

19*4 

SLE X. 
19*9 

16*8 

18*8 

19*1 

5 

•63 

40 : 50 gives signifi- 
■ . , . Md. 

cant lEcrease -rx" — 
4*7. ®^* 

Bo. . 

Darbhaii- 

ga 

213 

14-14 

TAB 

20-42 

ILE XL 
20* 42 

14-69 

19*99 

22*63 

7 

*70 

40:50 gives signifi- 
cant iiuTeaae ^^^* = 
9*0. Ed. 

60: 100 sigiiificantly 
better than 40 : 100 

“*=3*8. ' 

Ed. 

1)0. , 

Fiirnea . 

213 

18-83 

TABl 

21-19 


20-26 

20*22 

21*79 

6 

1-03 

40 : 50 gives signifi- 
cant increase 

■ 2*3.,' : 

1930-31 

Do. . 

Sepaya . 

Do. . 

213 

213 

8-9 

TABL] 

12-8 

E XIII. 

10*8 

13-1 

13-0 

14*1 

6 

6 

•6 

•8 

40 : 50 gives signifi- ' 

cant increase ^^*=3 
Ed. 

6*3. 

60 : 100 gives signifi- 
cant increase Mi 5 = 
Ed. 

4*1. 

This trial was in 2 
scries. 

,Do. . 

Sewan . 

I 213 

9*1 

"""tabu 

10*9 

E XI¥. 
10*1 

8-8 ^ 

10-9 

11*4 

5 

•6 

! Owing to lack of mo- 
isture to liot W’ea- 
ther on this heavy 
land stands very ir- 
regular 40 : 60 gave 
significant increase 

Ed. 

Bo. . 

Darblu El- 
ga 

213 

9-0 

TABL! 

15-9 

S XV. 

16-4 

8*0 

17-8 

19*6 

5 

2*9 

40 ; 50 gave signifi- 
cant increase 

Ed. 

2 * 8 , . 

Bo. . 

Byreah 

Obampa- 

ran 

213 

17*6 

TABii 

22*9 

: XVI. 
24-6 

17*3 

24*0 

24-0 

8 

1*13 

40 : 50 gave slgnifi- 

cart increase == 

E<i * 

4*7. 
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Definite besults. 

In all ten' trials, rangiDg over iNorth Bihar through the three seasons 1928-29 to 
1930-31, the dressirg of 40 Ifcs. nitrogen and BO Ihs. lias given a substantial 
and significant increa,se of cane crop in. every case ; but in only 2 cases have any of 
the other dressings tried improved on this. From these ten trials, I have extracted 
the figures giving tie yields of the no manure plots' and of those dressed with 40 lbs. 
nitrogen and 50 lbs. per acre, which were in every case alongside one another^ 
and combined them in Table XVII with details of the location of the trial, the Mud 
of can© used, the Mud of land and the season. The increases in crop are shown both 
in maimds per acre and as percentages of the unmanured yields, and the degree 

of significance has been shown by the ■ ratio- : ^ ^— in which a ratio of 2*1 
means a 30:1 chance that the difierenceis due to the treatment. 


Table XVIL 

Showing the effects of a dressing of 40 Ihs. nitrogen and 50 Ihs. PMb per acre on 
siigafccme in North Bihar from 1928 to 193L 








■ -r. 

Yields per plot 
in mds. 






Year 

Place 

Kind of soil 

Season 

Size and 
shape of 
plots 

No. of 


Manured 
v’ith 40 

Increase 

Per- 

cen- 

Ed. 

Md, 




tions 

No. 

ma- 

nure 

Ihs. N.' 
50 Ihs. 
PsO, 
per acre 

acre 

in- 
crea se 

Ed. 

1. 

1 028-29 

Sepaya Co. 210 

Diara ricli 

loam. 

Fair 

132' X 9' 

6 

20*0 

22*6 

05*3 mcls. 

18*2 

*57 

4*6 

2. 

do. 

Do., Co, 213 

Poor light 
high land. 

Do. 

Do. . 

6 

9*2 

13*3 

150 „ 

45 

•45 

9*1 

3. 

do. . 

Sewan Co. 21o 

Heavy fairly 
rich. 

Good 

Do. . 

6 

17*9 

21*5 

182 „ 

20 

*75 

4*8 

4. 

1929-SO 

Do. Co. 218 

Heavy poor . 

Fa 1 r I y 
good. 

Do. . 

5 

16*4 

19*4 

110 

18 

*51 

5*0 

5. 

do. . 

Darbhanga 213 

Medium loam 
poor. 

Good 

Do. , 

7 

14*1 

20*4 

231 „ 

44 

•43 , 

14*7 ' 

0. 

do. 

Pui'Dea Co, 213 

Medium loam 
very rich. 

Do. , 

Do. . 

6 

IS‘8 

21*2 

S8 „ 

13 

•73 

8*3 

7. 

1930-81 

Sepaya Co, 213 

light high 

land rather 
mar^ 

Very had 
short 
monsoon. 

Do. . 

1 6 

8*9 

12*8 

143 „ 

44 

•59 

6*6 

S. 

do. . 

Sewan Co. 213 

Heavy very 
poor. 

Very had 
stand of 

I cane very 
! poor . 

Do. . 

I 

5 

9*1 

10-9 

66 „ 

20 

•44 

4*1 

9 . 

do. , 

DarbMnga 

218. 

Ditto 

Fa irly 
good. 

Do. . 

5 

9*0 

15*9 

2S3 „ 

: 77 

1 ,1-58 

4*4 

10. 

do. , 

Byreaii , ■ * 

i 

Medium loam 
rich. 

Good . 

Do. . 

8 

17*6 

22*9 

195 „ 

80 

*59 

9*0 










1,468 












Mean 146 maunds per acre. 
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Tlie small difference at Sewan in 1930-31 lias already been explained by tbe 
very irregular stand througli all tbe plots due to lack of moisture in tbe bot 
\vtatbor on heavy soil. At Purnea tbe land was very rich and tbe soil does differ 
in important respects from that of tbe western districts of tbe range. Darbhanga 
shows a high increase in both years tbe trial was conducted there, while at 
Bjureab in Cbamparan district, in the only trial so far completed the increase 
is also very high. 

The mean of tbe 10 increases is 146 maunds per acre, 5 are above this and 
5 below of which 2 are definitely abnormal. We are justified in concluding 
that on average cultivator’s land, a dressing of 40 lbs. nitrogen and 60 lbs. phos- 
phoric acid apifiied in 2 doses to the cane, half at planting and half at earthing 
will give an increase of crop of about 146 maunds per acre, most probably more. 

Recommendations. 

In all our trials we have used the various artificial manures entirely accord- 
ing to convenience in obtaining them, some times mixtures of ammonium sulphate 
and superphosphate, sometimes ammophos— 16 per cent., nitrogen 20 per 
cent., Pj-Oj— diammonphos — 20 per cent., N 60 per cent., PaOs— or leunophos 
--20 per cent., N 20 per cent., P^Og. No difierences from the use of the diffe- 
rent ones have so far appeared. For convenience of working in that only one 
manure need be purchased and handled in the field, we can at this stage safely 
recommend for cane either 3 maunds per acre of ammophos (16:20) or 3-|- maunds 
per acre Niciphos No. II. whichever is cheaper or more conveniently obtainable. 
Half the amount should be applied at planting and half at earthing. 

The next stage. 

Large numbers of cultivators use cattle-dnng in varying quantities on their 
cane. Planters practise green manuring on a considerable scale. There are now- 
a-days available large quantities of very cheap oil-cakes. There is no doubt as 
to the value of the first two as adding humus as well as plant food to the soil. 
Whether the third is of any serious value except as a plant food is doubtful. 

Rut all three add to the soil less P 2 O 5 than nitrogen, whereas our work seems to 
show the reverse to be required. Our future work therefore is being directed to 
trying to discover what supplement in the way of extra P 2 O 5 is required with 

those three manures and whether additional nitrogen will also be profitable. 


INHERITANCE OF AWN COLOUR IN WHEAT. 

B. S. KADAM, M.So.j (Cornell), 

Crop Botanist to the Government of Bombay, Poona, 

Am> 

B. NAZARETH, B.A6., 

S'uperintendent, Wheat-Breeding Station, KirJcee. 

(Beceived lor pnblicatioa on 9tli September 1931.) 

Inteoduotion. 

Ill wheats the awn. colours are black, red or white. The intensity of colour 
varies in each group. Black awns may- be deep-black or merely sooty in appear- 
ance. The reckawned group may embrace various shades of brown or ' red, and 
the white-awned group may include yellow or yellowish -white. 

The three major awn colours are found wherever wheat is grown. Peroival 
[1921] finds black aivns commonly occurring in TAurgiiiim and in T. dumm, 
but rare in 1\ imlgare. 

The colour in awns is greatly affected by climatic conditions. Certain black- 
awned ivheats develop pigment in hot seasons only ; damp and cool conditions 
suppress colour formation. In some wheats, however, black awn colour remains 
constant under varying climatic conditions, Percival [1921]. 

Pbevious Ihvestioatioks. 

Very little work has been reported on the heredity of awn colour in wheat. 
This is probably due to the fact that complications are introduced by climatic 
conditions. 

The Howards [1913] made a cross between a black and a white-awned wheat 
and obtained in Eg '466 black and 135 white-awned plants. The numbers show 
a mono-hybrid inheritance. 

Percival [1921] opines that awn colours follow the same type of inheritance 
as that of glumes. Both black and red being dominant to white, and black 
dominant to red. 

p 2' 
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Mateeial and Methods.^ 

Tie investigation reported in this paper was^ carried at the Wheat Breeding 
Station, Kirkee, near Poona* ..Both the parents used in . crosses .are pure strains, 
maintained such for a number of years. These were isolated from wheats obtained 
from the Nasik district. 

The female parent Kala-khapli 568 {T, iUcoceum) has black ■ awns and is very 
resistant to the rust, Pueciniu graminis trkm. 

The red-awned male parent Bansi 103 (T. dunm) is a late, high-yielding selec- 
tion, but extremely susceptible to the black stem rust. To obtain Bansi-like rust 
resistant strains crosses between, these two strains .were made in the season of 1925- 
26. Incidentally other characters were studied, awn colour being one of them. 

The plants were grown in pots during the 1926-27 season, and three success- 
ful crosses were obtained. The black awn colour W'as found to be dominant to red. 

The three 01*08866 were designated 116, 117 and H8. The first yielded 74 giains 
and the other two 72 grains each. All of these were planted four inches apart in 
twentyfour-foot rows in the season of 1927-28. Due to the attack of Fusarinm 
and EMzoctonm, many plants died in the seedling stage and in all only 149 plants 

were obtained in Pg’ 

The Pa generations were obtained in 1928-29. Prom each Pg plant 146 seeds 
were planted four inches apart in rows. 

The awn colours were noted in the field and again in the laboratory. Both the 
black and red awns have various shades, but variations when unaffected by at- 
naospheric conditions are distinct enough to be classed as either black or red. The 
complete linkage of pubescent glumes and black awns, however, facilitated separa- 
tion of black awns from red. The white awns, which appeard in Pg were distinct 
and were easy to classify. 

Goodness of Pit has been worked out according to Fisher [1928]. In his table 
Fisher has given values of corresponding to specially selected values of P, 
If P is between 1 and *9 there is no reason to suspect the hypothesis tested. 
However, if P is below *05 then the higher value of indicates a significant de- 
parture from hypothesis. 

Results. 

P] Generation. 

■; The Pi generation of the cross ? Kala-khapliSeS X c? Bansi 103 was' libe^ the' 
female parent ; black awn colour being dominant to red. 

*Tlie work was carried tinder tke supervision of the following successive Crop Botanists to iiie 
GoveinmentofBombay ; Mr. B.E:, Bhide^ 1927, Mr. S. G. Bhaleiao, B.Ag., frcm 1927 lo 
1929 ; and Mr. B. B. Kulkarni, B.Ag., 1929-30. The present senior author has been in charge of 
the work since April 19^0. 
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-Fg Generation, 

.til J 2 goiieiatioii, b’jsidos tlie parental black and red awn coloiii'iSj some plants 
were foiuid to biv'e wliito awns. Tbe distribution of population was as 
iollows:— 

Table I. 

Segregation of Awn colour in jP^. 


Awn colour 


Observed 

Caloiilatied 

12 : 3 : 1 

(6--C)"- 

0 

107 

111*7500 

0-2019 

20 

27*9375 

00-104 

IS 

9*3125 

1--1601 

149 

149*0000 

X2 1*7024 


On tile basis of 12 : d : 1 ratio tbe observed data closely fit tlie expected ones . 

Generation, 

Bebavioiir of 1 2 black-awned plants : — Tbe beliaviotir of ^^3 generation was 
quite diverse. Out of tbe 32 black-awned plants ten bred true to character. Six of 
the plants segregated into black and red awns as follows 

Table II. 

F 2 Blach<mned plants sph fling into blachand red-awned plants in Fr>. 


* Tlie formula, *6745 Vp. q. n. was used, where p is the percentage of individuals in one of the two 
classes, q is l-O— p and n the total number of observations. 
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111 almost all tho cases the observed numbers are surprisingiy close to expected 
ones. The last two cultures show somewhat large deviations* Ilie odds against 
tk^ occurrence of deviations as great or greater than these , are 4:1 and 4*64 : 1 
respectively. ' The grand totals of blact and red awms deviate only by four from 
the' calculated frequencies. The deviation is only *61 times the probable error. 
Since black is throwing red coloured awuis it must be dominant to red. 

Ten of the F 2 black-awned plants segregated into black and white-awned 
plante as shown in the following table. ■ 

Table IIL 


Blmhcmnei'flmits spliUmg wio bheh afd loUte-awned flcmts in 





. 

1 Calculated 


i 


! Observed 

f 



D 

Ciiltiire' No. 

1 

! 


3 

1 

Total 

P. E. 

1 


Black 

White 

Black 

W.hite 



6 — 5 

63 

24 

65*25 

21*75 

87 

. 2*25 

— ^2=0-8o 

. 

44 

25 

51*75 

17*25 

69 

7*75 

“-2-r2==^-^« 


77 

25 

76*50 

25*50 

i02 

0*50 

2.93=0 1/ 

6—1.8 

1 73 

2.1 

1 

1 7()*o0 

.i 

23*50 

94 

2*50 

2.g3=0-hS 

G—22 

1 50 

12 

46*50 

15*50 

62 

3*50 

2*29=^*^^ 

6 — 41 

6S 

23 

68*25 

22*75 

91 

1*75 ■ ^ ^ 

2-78“® 

6—43 

82 

27 

81*75 1 

1 

27*25 

109 

0-25 

6-71 

IS 

6 

18*00 

6*00 

24 

0 0 

6—73' 

12 

2 

10*50 

3*50 

14 

1*09, 

S— 7. 

59 

15 

55*50 

18*50 

74 

3*50 

2-61= 1'39 

Grand total 

546 

180 

544-60 

181*50 

726 

,.7*86 
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Witi tie conspicuous exception of culture 6-7, all the others give very close 
fits to calculated numbers. The deviation is 7-75, and 3*19 times the probable 
error, indicating the probable occurrence of a deviation as great or greater in unly 
fehree out of a hundred trials. This is certainly a very poor fit. But examining 
the behaviour of other cultures it becomes at once apparent that some mechanioai 
agent must be a disturbing factor in culture 6-7. It will be noted that the odd 
behaviour of culture 6-7 is mainly due to the shortage of black-awnecl plants. 
These may have died due to the attack of Fusarvum and Shizocionia, in the seedling 
stage. 

The grand total of observed black and wHte-awned plants gives almost a 
perfect fit to expected numbers. 

The remaining six black-awned plants gave progenies like that of the Fi 
|)lants. The distribution of awn colour for each culture was as follows : — 

Table IV. 


Jpg Black-awned plants segregating into black, red and white-awned plants in 



Observed. 



Calculated. 

12 ? 3 ; 1 



iimuiu* 

Culture 

Ho. 

Black 

Red 

White 

Black 

X^.ed 

White 

Total 

X ® 



P 

Between 

a— 21 

m 

9 

5 

50-25 

12-5625 

4-1876 

67 

1-3180 

•30 & -60 

6 — 24 

18 

8 

3 

21-75 

5-4375 

1-8125 

29 

2-6321 

1 -20 & -30 

6—37 

81 

13 

7 

76-75 

18-9375 

6-3126 

101 

2-3008 

•30 & *50 

6—39 

74 

11 

5 

07*50 

16-8760 

5-6250 

' 90. 

2-7407 

•20& -30 

6— S6 

81 

18 

6 

78-7S 

19-6876 

6'5625 

105 

0-2571 

•80 & -90 

6—66 

i 

73 

9 

6 

65*25 

16*3126 

5-4375 

87 

4-2337 

•10 & -20 

i 




1 

T1 ' ' 




SX2 13*4824 

•30 & -50 ’ 

' Grand 
Total 

380 

68 

31 

i 

359 j 

90 

30 

. 479 

(i-6395 

•02 & -05 


The value of J? of individual cultures range betR^een *10 to *90, indicating that 
the departures from expectation have no real significance. Hovrever, theX^ 
value, 6*6396, of the grand total, gives a P below *05, pointing to a probable dis- 
crepancy. This seems to be mainly due to the behaviour of culture 6 — 66 which has 
a large defficiency of red-awned plants. 
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However, wlien tlio X% are- sumiBed, tfe 13-4824 gives a - value of P 

befeweeii *30' and *50 for' 12 degrees of freedom, sliowing that all the ciiltiires behave 
essentially the same/ 

BeHAVIOUB of F 2 BE1>AWJSiE33 PLANTS IN Fg. 

Out of the ten rod-awned plants four gave only red-awned progeny in h g. The 
rest of the plants segregated into red and white-awJied plants as shown in Table V. 

Table V. 


Eed-imned plmUs segtegulmg into fed mid tvMlomvned pkmls tn 


Culfciii'e 

Observed 

Calculated 3 : 1 

Total 


. J). 

Bed 

Wbite 

Red 

Wliitc 


P.E . 



0-15 

60 

25 

56*25 

18*75 

75 

11 

S'-J iO 

2*48 

6-30 

34 

14 

3G-00 

12-00 

48 

2*00 

2*02 

0-09 

6-31 

52 

21 

54*75 

18*25 

73 

2-75 
2-49 “ 

1*10 , ;■ ■ 

646 

61 

18 

S9-25 

19*75 

. 79 

1*75 _ 
■^59 ““ 

0*67 

647 

70 

27 

72-75 

24*25 

97 

2*75 __ 
2*87 

0*96 

7^ 

12 

4 

12-00 I 

4*00 

16 j 

.. 


Grand 

279 

109 

291*00 

. 

97*00 

388 

1.2*00 


Total 

'""5*75 



All the cultures shmv very close approximations to expectation, except the 
first one. The odds against the occurrence as great or greater than the deviation 
of 6-16 are 9*98 : 1. The grand totals of red and white-awiied plants give a devia- 
tion of 12 with a probable error of 6*76. The odds against the occurrence as' great 
or greater than the observed one are 6*38 ; 1. 

BeHAVIOUB of Fg. white-awned plants. . ” 

Only four Fg white-awned plants w^ere growui in Fg. All of these bred true. 
In subsequent generations white-awned plants were observed to breed true, indi- 
cating their recessive nature. 
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Genic Interpretation. 

It is evident from the foregoing data that both black and red awn colours arc 
dominant to white condition, and segregate in monogenic proportions. The black 
awn colour is also dominant to red, showing an epistatic behaviour. Ifurther 
more, there are some blaok-awned plants wliich behave like the Fj, indicating 
identical genic constitution. 

The white awns, which first appeared in the F, progeny,, bred constant 
throughout. They are, therefore, recessive in constitution. 

The genes for black and red awn colours are designated as B and II respec- 
tively. As both the parents are derived from pure lines, they should have homo- 
zygous constitution. The gene E can express itself only in the absence of the 
epistatic gone B. The red-awned Bansi 103, therefore must have bbRE genotype. 
The other parent Kala-khapli 568, must be carrying opposite allelomorphs of 
•Bansi, as the cross between the two presents a double heterozygous behaviour in 
Fg. Moreover, it has been found that the gene E simultaneously causes red 
colouration of glumes and awns, while the action of gene B is confined to awns 
only. The Khapli parent has white glumes indicating the presence of the recessive 
allelomorphs of gene E. The genotype of Khapli would, therefore, be BBrr. 

The Fj will be hybrid for both characters and upon self-fertilization would 
yield the following genotypes in Fg, whose F 3 behaviour is also in'dieated. 


Awii colour 


FjGeuotypes 


Behaviour in 


12 Black . 


3 Bed , 
1 White . 


f 1 B B R R 
2 B B R r 
2 B b R E 
4: B b R r 
1 BBrr 
[2 B b r r 
1 b b R R 
t2 bbRr 
I b b r r . 


Breeds true. 

Breeds true. 

3 Black : 1 red. 

12 Black : 3 red : 1 white. 
Breeds true. 

3 Black ; 1 white. ■ 

Breeds true. • 

3 Bed : I white. 

Breeds constant. 


Tilo presence of gene B either in a single or double dose, causes black awn 
colour. The first six genotypes, give black-awned condition. Of these, tkfee breed 
true in ; one each segregates into 3 black ; 1 red, and 3 black : 1 white. The 
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cloiibie ieterozygotes split in all tlie- three colours in the proportion of 12 black : 

S red : 1 white. 

i'here are only two genotypes, b h E E and I) b E r which produce red awns ; 
the latter breaks up in Eg giving 3 red to i white. 

The white, being a double recessive, breeds constant. • 

It will be seen from the data presented that the theoretical behaviour in 
and Eg generatiom of the Kala-Khapli and Baiisi cross has been entirely realized. 

Summary, 


1. Data are presented which show that the black awn colour of Kala-Khapli 



568 dwoc€m-%) md the red awn colour of Bansi 103 (T. durum) are caused by- 
two separate, genes. ■ 

2. The gene B produces black colour of awns and is epistatic to the gene E. 

3. The gene E causes red awns. 

4. The inodificaiion of the ordinary dihybrid ratio to 12 : 3: 1 is caused by 
the epistatic behaviour of the gene B, 
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COEEELATION BETWEEN FEOST AND THE PEECEDING MITEO- 

EOLOGICAL CONDITIONS. 


BY 
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(Beceived for piiWication on tlie 17tli August 1931.) 

(With 4 iguies.) 

iSimmar^ : This paper is the first o£ a series on correlation between frost and the preceding local 
meteorological conditions in ISTorthern India. Lahore 16 hours (local time) observation for the period 
1915-29 have been analysed statistically in the paper, and equations are (ievelopecl between the 
minimiim temperature of the night and the dew-point, vret bulb and dry bulb temperatures at 16 hours 
in the preceding afternoon. The physical significance of these statistical equations is discussed. The 
observed and the calculated values of the ininimum temperature agree closely in over 93 per cent, 
cases ; the discrepancies in the remaining 6 or 7 per cent, cases are not large and the causes producing 
them are explained. Most of the occasions on 'which the discrepancies are liable to occur can be 
foreseen and allowed for by a forecaster having the facilities of the Indian synoptic chart. 

Pressure distributions most favourable for the oecurrence of frost are discussed. On accoimt of 
the importance of minimum temperature forecasts to agriculture, the need of regular afternocui obser- 
vations of air temperature and humidity under standard conditions of exposure at all agricultural 
centres is stressed.] 

1. Intbobuction. 

Temperature is one of the most important elements in determining the 
growth of plants, agricultural crops and fruits. Tery high and very low tempera- 
tures afiect crops in various ways, principally by preventing germination, checking 
growth, killing all or part of the vegetative parts, injuring the blossoms or damaging 
the maturing products. Most plants make growth only during the portion of the 
year, when the temperature remains within certain limits, maturing, dying or 
becoming dormant when the temperature exceeds these limits. It is believed [Smith 
1920], that 6°C or 42°'8 F marks the temperature below which most field and garden 
crops and plants will make little, if any, development ; most of the tender varieties 
of these are either killed or seriously damaged if the temperature falls below the 
freezing point (32°F) for any considerable time. 
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' As ca imilt. of iiocturnar the lumimuin temperatitte of tlie night 

geiiex<ally occurs in the early morning shortly before sunrise. The problem of fore- 
casting frost in India, therefore^ is closely connected with the problem of forecasting 
the night iiiiiiimiim temperature. This paper is the first of a series to determine 
the correlation between the night minimum temperature at a station and the local 
meteorological conditions in the preceding afternoon. 

2. An examination of the available meteorologica! data for the plains of India 
sliiiWB that the temperature of the air in the Stevenson screen (height 4' above' 
ground) rarely fails to or below the freezing point outside the region coiiiprisiiig 
Kashmir, the 'Northwest Frontier Province, Baluchistan, the Punjab, Eajputana, 
north Sind, Central India, the west Central Provinces, the United Provinces and the 
siiknoiitaiie d'istricts of Bihar, Bengal and Assam. Regular afternoon meteorological 
observations were introduced at the 2iid and 3rd class observatories of the India 
Bleteorologioal Department in northern India about the end of 1929, The records 
at these observatories are therefore not sufficiently long for the purposes of a 
statistical study. There a few first class observatories, namely, Quetta, 
Peshawar, Srinagar, Agra, Jaipur and Lahore in the above mentioned region at some 
of which afternoon records for a sufficiently long period are available. The after- 
noon observations recorded at Lahore at 16 hours (local time) during the period 
1920-29 are discussed here ; those for the other stations will be taken up separately. 

Since frost occurs on clear nights, when; radiation from the ground is strong ; 
only data for clear nights were considered. A night was taken as clear when, the 
amount of cloud was zero (on the scale 0-10) at the time of the preceding 16 hours 
routine observations, and 8 hours routine observations on the succeeding morning. 
During the period under examination, there were 81 such nights available in 
December, 63 in January and 62 in February. As a result of preliminary statistical 
osamiiiation, it was found that the data for December and Janiiaiy could be 
coiiibiiied ; these months are therefore considered together in section 4, To increase 
the number of observations for February, data for another five years, 1915-19, were 
included for this month alone, i'hereby raising the number of observa'tions for this 
month to one hundred. 

Monthly Feequekoy OF Feost. 

3. Frost occurs in northern India during the period November-March, but at 
stations like Srinagar, it' may also occur in September 'and May. The percentage 
frequency and the mean number of days of frost, per month (Lc., when the minimum 
temperature fell below SS'^F) at Lahore at 4 ft. above ground and at the surface 
for each month of this period are given in Table I. Similar information in respect 
of Srinagar, Peshawar,, Rawalpindi and Dehra-D'un is also included in the table, 
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for compaiisoii. Of the five stations given in the tahlej grass miiiiiiiiim temfem- 
tnres are available for I all ore and Srinagar only. 

Table I. 

Pewentage frequenoy and -the mean nmnlef of clays of frosi at Ldhoie^ Pfinagat, 


Peslimiw, Ecmdpindi ami Belira-Bim, in. ecmh month cf the perkd SepkfBher- 
May at 4 ft above ground mul at the surface {where available). 


Statfoii 

^4Kac^csaa«ii^ 

i4 

cd 

1) 

(U 

fH 

f-t 

0 

1 

Pi 

1 

o 

o 

$.1 

ID 

s 

p 

!> 

& 

$4 

0 

1 
o 

s 

& 

I 

1 

® 

£4 

s 

1 

& 

c 0 

0 w ' 
3 

P si 

Period 

of 

I^ecoid 






4 ft. above sronnd. 







ft. 












Laliore . 

702 



.. 

36 

36 

28 



.. 

14 

1901-29 






(0*2) 

(0-2) 

(0-1) 






Srinagar . 

5201 


0‘9 

19 

S9 

27 

21 

8 

0‘1 


1710 

1901-20 




(0-5) 

(T6-5) 

(24-7) 

(23-5) 

(18-1) 

(2*7) 

(0*1) 




Peshawar. 

1164 




48 

38 

14 

.. 



81 

1901-20' 






(1-9) 

(1-5) 

(0*5) 






Eawalpindi 

1674 

.. 


1 

43 

44 

12 

.. 

.. 


115 

1901-20 





( 0 * 1 ) 

(2*5) 

(2*7) 

(0*7) 






Dehra-Dim 

2239 

.. 



.. 

40 

eo 

.. 



6 

1901-20 







(0-1) 

(0*1) 











At the Surface 






lahore , 

702 

.. 

.. 

12 

34 

38 

15 

' ' 1 

.. 

.. 

819 

1918-29 






{16-5) 

(18-0) 

(7*6) 

(0*5) 





Srinagar , 

■ 5201 

1 

10 

18 

18 

19 

17 

12 

4 

1 

2605 

1913-28 



(1-3) 

(15-6) 

(28*3) , 

(28-7) 

(30-1) 

(25*9) 

(19*1) 1 

(6*7) 

(l-O) 




Note.— F igures within brackets denote the mean number of days of frost per month. 


Table I shows, as might be expected, that frost is most frequent in December 
and January, the coolest months of the year. At Lahore, Eawalpindi, Peshawar 
and Dehra~Dun, it occurs almost entirely during the period December-Febrimry. 
Freezing temperatures are less frequent at 4 ft. above ground than at the surface 
on account of the strong inversions of temperature which prevail in the surface 
layers of the atmosphere in the dry season from evening to early morning* For 
example in the cool season at Lahore, the minimum temperature^' of the air recorded 
in the Stenvenson screen (i.c., 4 ft. above ground) may be higher than the grass 
minimum temperature {bulb above ground) by about 8 to 10*^F. The magni- 
tude of this difference in temperature varies with the locality depending upon the 
exposure, of the instruments, the nature of the ground surface and the composition 
of the atmosphere with, regard to w’ater vapour, carbon dioxide, and suspensions. 

*** Memoirs, Ind. Met. Dept. Vol. XII, page 46. 
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i Eelation between the minimum tempeeatube (N) on a clbab night 

AND THE DEW-POINT (P). DEY BUEE (D) AND WET BULB (W), TEMPEEATUEES OP 
THE AIE AT 16-00 HES. (LOCAL TIME) IN THE PEECEDIKG AFTEENOON. 

Dot charts were prepared separately for the period December- January anc 

February showing the relation between nn 

(а) the depression of the dew-point below the dry bulb temperature at 16-00 

hrs local time {i.e., D-P) and the difference between the minimum 
temperature of the night and the dew-point at 16 hrs. in the preceding 
afternoon (i.e., P— N), and 

(б) the dew-point of the air at 16 hrs. (local time) and the difference between 

this dew-point and the minimum temperature of the following night 
P- N). 

The dot, charts are reproduced in Figs. 1 to 4 below. 







Dew point — 
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The charts show that the relation between the variables under reference is 
practically linear in each case. The continuous lines on the charts are the lines 
of best fit calculated by the method of least squares. The corresponding normal 
equations for the lines are : — 

(1) December-January (1920-29) ; (dew-point — munimum) and (dry bulb 
—minimum), Fig. 1. 

(P—N)= 17-3— 0-644 (D— N) . . . . . • ■ • • W 

The scatter of the observed values of (P — ^N) about the line of best fit can be 
seen from the figure. Since P & D ate known from the afternoon observations, the 
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value of N can be readily calculated from tbe above equation. The standard error 
of the estimate of N from this equation, i.e. 

y S(ob.‘3erved value of N— calculated value of N)“ - 

total number of observations 
comes to 3‘2°F. 

(2) February (1915-29) ; (dew point —minimum) and (dry bulb —minimum), 
fig. 2. 

(P—N)=1S-S— 0-604 (D—N) («) 

The standard error of the estimate of N from this equation is 3'3°F. 

(3) December-January (1920-29), (dew point — minimum) and dew-point, 
fig. 3. 

{P—N)=0-.')67 P—21-1 ... (iii) 

P, the dew-point, is known from the afternoon wet and dry bulb observations ; the 
value of N can, therefore, be readily calculated. The scatter of the observations 
about the line of best fit is smaller than in case of equation (i) as is also shown by 
the smaller magnitude of the standard error of the estimate of N from this equation 
2-6°F. ^ - 

(4) February (1915-29), (dew point — minimum) and dew point, fig. 4. 

(P— N).=0-619P— .29-1 ... . . . ... . (iv) 

The standard error of the estimate of N from this equation is 3'4°F, which 
is practically the same as for estimates from equation (ii). 

The values of the constants in the above four equations may be expected to 
vary wdth the locality, the month and the time of observations ; their values 
should, therefore, be determined for each month and for each station. These 
four equations contain only one independent variable ; they are therefore con- 
venient to use in practice. The graphs of the equations may be drawn once for 
all, from which the values of the dependent variable may be readily picked up. 
These equations give results nearly as accurate as the equations ix to xii 
containing two independent variables. 

Corrdation coeffieients were worked out between the TniTiiTnnm temperature 
(N) of the night and each of the elements, dew point (P), dry bulb (D) and w-et 
bulb (W) temperatures recorded at 16 hrs. (local time) in the preceding afternoon. 
Multi'ple correlation coefficients were also worked out between the minimum tem - 
pexature (N) of the night and 

(») dew point (P) and dry bulb (D), and 
(6) dry bulb (D) and wet bulb (W) temperatures 
recorded in the preceding afternoon. For reasons already stated in section 2, the 
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coefficients were worked out separately for February and tli,e period De-cembcvr- 
January* Tlie values of tlie coefficients together with tlieir respective slruidartl 
errors are given in Table 11. 


Table II 


Correlation Coeffiments between the Minimi0n Tempemiure [N] of the night (mi tJm 
dew-point {P), dry-bulb {D) and tvet-bulb {W) tsmperatures qf ike (dr mmiei im 
M.hrs, {loGal time) in the preoeding afternoon at Lahore. 


Elements correlated 

Correlation 

Coefficient 

(r) 

1— r2 

Ntnnber 

of 

Observations 

Beraarks 



Becember-dan 

uary (1920-29) 



1. N and P . . . 

+•72 

*04 

144 


2. N and D . 

+•43 

•07 

9 > 


3. N and W ... 

+•72 

•04 

99 


4. N and W and B . . 

+*73 

.. 

99 

Multiple correia- 





tion. 

5 « N and P and B 

+•73 

•• 

99 

Do. ' 

6. B and P . • . * 

+•46 

•06 

99 


7. B and W , 

+•70 

•04 

99 



Eebruaiy 

(1915-29) 



1. N and P . 

+•63 

i -08 

100 


2. N and B ... 

+•71 

*05 

‘ 99 


3. N and W ... 

+•80 

•03 

99 


4. N and W and B . . 

+*S1 

« * 

99 

Multiple correla- 





tion. ■ 

5. N and P and B 

+•81 

•• 

99 

Bo, 

6. B and P . 

+•38 

•09 

9J 


7. B and W. . . ■ .■ 

. +*88 j 

02 

99 



r = Correlation coefficient, n == Ntimber of observations. 

The significance of each of the four multiple correlation coefficients was 
ested by analysing the variance into its two components, (c^) that due to the 

E 2 
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regression formula and (b) tliat due to deviations from the regression function 
and determining by means of the ' Z ’ test [ Fisher, 1925 ] whether the mean values 
of the two were significantly different. All the four coefficients were found to be 
significant. For example, in the case of the lowest of them in the scale of 

significance, it was found that the odds in favour of its significance were over 
12,000 to 1. 


Minimum TEM3?EEATU]iE (N) oe the night and the dew point (P) op the air 

AT 16 HES. IN THE PRECEDING APTEENOON. 

The correlation coefficient between these two elements is -f-72 in December- 
January and +-63 in February and is significant (Table II). The regression 
equation between the two elements expressed in terms of the actual temperatures 
instead of departures is : — 

(1) December- January 

3Sr = *427 P + 21*5 

(2) Pebroaiy 

*391? + 28-5 . , 


Tlie. standard errors of tlie estimates of N from (v) and (vi) are 2*6®F and 
3 *3 respectively. 

A relation ■ between tie. dew point and tlie minimum temperature of the 

nighe may be expected from general physical principles. In the night a layer of ^ 
air loses heat by radiation and conduction to its surroundings in consequence of 
which, it progressively falls in temperature. When its temperature has reached 
the dewpoint, the water vapour in it may begin to condense and on account of 
the liberation of the latent heat of condensation, further fall in its temperature 
may either be arrested or at least the rate of fall of temperature may decrease ' 
For example, on the mean of the whole period of record under examination 
the minimum temperature was less than O-l^F, higher than the dew point 


Minimum tempeeatuee (N) op the night and wet buib tempeeatuee (W) 

OP THE AIR IN THE PRECEDING APTEENOON. 

^The correlation coefficient between the minimum temperature of the night and 

wet Dulb temperature of the preceding afternoon at Lahore is +-72 in De'cember- 
Jannary and 4-'80 in February and is highly significant (Table II). The regres- 
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sion equation expressed in terms of the actual temperatures under reference instead 
of their departures is : — 

(a) December- January 

N = *735 W — 2-3 , . . . o . . : . . « (vli) 

Tlie standard error of the estimate is 2*6®F. 

(i) ^February 

N=-843W — 3-9 . . . , (viii) 

The standard error of the estimate is 2*5*^F. 

Equations vii and viii are simpler than equations xi and xii (given helow) con- 
taining two independent variables, and give equally good results. The reason is 
that the wet bulb is far more important than the other independent variable (i.e, 
dry bulb temperature) used in equations xi and xii. In any individual case, the 
values of the minimum temperature may profitaldy be calculated from the relevant 
equations in each of the two pairs of equations and compared. 

Multi fh correlation coefficient between minimum temperature (N) of the night 
as dependent and dew point (P) and dry bulb temperature (D) of the air in the 
preceding afternoon as independent variables is December- January and 

+*8i in February. The corresponding regression equations expressed in terms of 
the actual temperatures are 

[а) Deoember-Jannary 

N = -392 P + -116 D + 14-8 (is) 

(б) February 

N = -260 P + '395 D + 4-9 . (s) 

The multiple correlation coefficient between minimum temperature (N) of the 
night as dependent and dry bulb (D) and wet balb (W) temperatures of the air in 
the preceding afternoon as independent variables is -f-’TS for December-January 
and +-81 for February. The corresponding regression equations expressed in terms 
of actual temperatures are : — 

(a) December- Jaauary 

N = -837 W — -130 D + 0-9 . ... . . • . (xi) 

(h) February 

H = *322 W -f- *0150 D 3*8 . . . . * (xii). 

The standard error of estimate of N from each of the four equations ix to xii 

is about the same, namely ± 2-5°F, the probable error being ± r7°F. As might be 
expected the two pairs of equations (ix, x) and (xi, xii) give equaUy accurate 
results and the values of the minimum temperature calculated therefrom agree 
fairly closely with the observed values. The difference between the observed and 
calculated values for the two pairs of equations are given in Table III in the 

columns marked A and B respectively for reference. 

If a difference of 4:°F, (which is about 1|- times the standard error of the 
estimate) between the observed and calculated values be neglected, the number of 
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cases ill wliicli tliis difference was not exceeded in case of eaoli of the 
to xii is given below : — 


The maximum value of the difference under reference is 7°F ; it occurred in 
February twice with equation xii and only once with equation x in one hundred 
observations. 

It has been tacitly assumed in this discussion that there is no change in the 
supply of the air at the station between the time of observation and the epoch of 
minimum temperature. If a change occurs, 6.g., if the air at the time of observa- 
tion is replaced either by warmer and more humid or colder and drier air, large 
discrepancies in the observed and calculated values of minimum temperature may 
be expected, since the observed values of dew point, wet bulb and dry bulb temper- 

plicable to the air mass in which 
Such changes in the air supply in 

„„„ces or depressions which 

frequently in February than in December or 


atures used in the equations will be no longer applicable i 
the minimum temperature of the night occurs, f ' ' 
winter are mostly associated with western disturbanc 
generally affect the station more 
January. 

A. Angstrom [1920], by making 
of cooling of the air at night, has dec 


Period 

Equation 

Cases of 
difference 
of 4° E or 
less 

(X) 

Total 

Mo. of 
ObseiYa- 
tions 

(Y) 

X 

— Percent. 

Y 

December - Jaii'iiar j (1020-29) 

ix 

137 

144 

05 

Ditto do. 

si . 

130 

144 

96-5 

Februaiy (191l>-29) 

X 

80 

100 

89 

Ditto . * 

xii 

80 

iOO 

i 80 

AH montliB DeceiBber-Pebraaiy 

1 X 5 X 

226 

244 

1 . 92-5 

Ditto do. 

xi, xii 

228 

244 

93*6 

i 
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this paper statistically have a physical significance. If A! is very miieh larger than 
B', so that the effect of the term involving B' becomes comparatively smaller^' the 
expression (&) takes the form — 

. . . (c). 

Equations vii and viii are similar in form to (c). A' is about fifty five times 
B' ill equation xii and about six and a half times in equation xi. 

MiNIBIUM TEMPERATUBE and the pressure DISTEIE-UTION. 

One of the most important features of the pressure distribution over northern 
India ill the cool season is the western disturbances or depressions which' travel 
eastwards across northern India at the average rate of 300 — 400 miles per day. 
These disturbances are often occluded and are ill-defined on the synoptic charts. 
When well-markedj they generally show sharp warm and cold fronts like the de- 
pressions of the temperate latitudes. When Lahore is in the warm sector of the 
disturbance, the air is warm and moist. The wind is from some easterly to 
southerly direction and the skies are cloudy. Frost does not occur under these 
conditions. With the passage of the cold front, the southerly to easterly winds are 
rej)Iaced by westerly to northwesterly winds, much stronger, colder and drier 
than the normal northwesterly winds of the season. These unusually cold winds 
blow in the rear of the disturbance for about a couple of days when the skies are 
also clear. Under the combined effect of these cold winds and strong radiation 
from the ground at night the minimum temperature may fall down to the freezing 
point. 

Frost may also occur during unusually long spells of dry and clear (anticyclo- 
nic) weather as a result of the cumulative effect of radiation from the ground on 
successive clear nights. 

Conclusions. 

The foregoing discussion of Lahore afternoon temperatures shows that frost 
occurs at the station in winter either in the cold wave in the rear of a western 
disturbance or during unusually long spells of clear and dry {anticyclonic) Bveather. 
Within about ±2'^C. the minimum temperature of the air on a clear night at 
Lahore can be forecasted from the wet bulb and dry bulb temperatures of the 
previous afternoon with an accuracy of over 93 per cent. The best equations to 
be used for the purpose are equations Nos. ix to xii. Equations vii and viii 
give equally good results and have the further advantage of containing only one 
independent variable. Equations Nos. i to iv also give satisfactory results and are 
quite useful as checks on the values obtained from equations vii to xii. The 
discrepancies observed in the remaining 6 or 7 per cent, cases are not large and are 
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mostly associated with the changes in the supply of the air at the station after the 
time of observations due to rapidly moving western disturbances. On such occa- 
sions, the aftcnnoon temperature observations are not characteristic of the air in 
which the minimum temperature' of the night occurs.' A forecaster, ' proi/ided with 
the facilities of the synoptic chart of the Indian forecasting area, can, in most cases, 
foresee and make an allowance for such occasions. On account of the importance 
of minimum temperature forecasts to agriculturists, the need of regular and 
accurate' afternoon observations of temperature under standard conditions of 
exposure at all agricultural centres is obvious. The constants of the form alse 
developed in this paper should be determined for each locality. If this is done, 
losses through damaging frosts and harmfully low temperatures could be reduced 
enormously by adopting protective measures in time. 

Our best thanks are due to Dr. K. R. Eamanathan, Mr. S. Basil, M.Sc. and 
Dr. S. R. Savur, Meteorologists, Indian Meteorological Department, for having 
looked through the paper critically. 
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Table III. 

Values of nmiitifhum tewipemtUfe (N) and of the deiv-point (P), net bulb (W) and dry 
hulh (D) temperatures of the air at 16 hrs, {local time) %n the preceding afternoon 
at Lahore in December {J.920-29), January { 1920 - 29 ) and Febnmry [ 1915 - 29 ). 

Mnimum'tSap^turir 
calculated minus 
observed (^F) 

B 

from 
equations 

X & XII 


Temperature in F 


Date 


A 

from 

equations 

IX & X 


Dew-point 

(P) 


Dry- bulb 
(D) 


Wet-bulb Minimum 
(W,) (N) 


#h January 1925 


10th 
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Table III — Gontd, 


'Minimum temperatat' 
calculated minus 
observed (' F) 


from 
equations 
IX & X 


from 

equations 
XI & xn 


Mimminu 


12th January 1925 


Temperature in F 
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Table III— omul. 





Temperature in 

Miniiiumi temperature 
calculated minus 
observed ( °F) 



Bate 

Dew-point 

(P) 

Dry-bulb 

(») 

Web-bulb 

(W) 

Mininmm 

(N) 

A 

from 

equations 
IX & X 

B 

from 

equations 

XI & XII 



1 

2 

3 

4 

5 

6 

7 

22iid January 1927 

41 

70 

56 

41 

2 

—2 


iD 

59 » t> 

30 

08 

54 

36 

2 

1 

9tii 


1928 

50 

70 

59 

44 

—2 

— 3 ' 

10 th 


99 

47 

69 

58 

40 

1 

0 

2lHt 

59 

99 . e 

41 

64 

53 

40 

2 

—3 

4tli 

•j 

1929 

42 

67 

55 

41 

—2 

—3 

Sth 

9» 

J» • • 

45 

69 

57 

38 

2 

1 

6th 

9, 

3J » » 

44 

69 

56 

38 

■2',' 

1 

10th 

» ' 

■ • • 

43 

70 

57 

40 

0 

•—I 

iSth 


, SI . • • 

44 

70 

57 

40 

0 

—1 

19th 

5» 

99 . * ♦ 

37 

69 

54 

37 

0 

0 

20th 

T7 

99 • • 

43 

69 

56 

37 

3 

1 2 

2Ist 

SJ 

99 o • 

35 

69 

54 

41 

—5 

——4 

30th 

9) 

99 

18 

50 1 

39 j 

29 


' — ^2 

31st 

99 

99 • « 

1 1 

53 

42 

32 

—2 


Oth 

99 

1927 

39 

67 

54 

39 

—1 

—2 

7th 

” 

99 . ■ • 

42 

65 

54 

37 

.2 

0 

8th 

99 

99 • • 

38 

63 

51 

34 

3 

1 

Oth 


99 • • 

39 

66 

53 

33 

4 

3 

iOfch 

99 

99 ■ • « 

33 

67 

52; ' 

32 

3 

3 

ilth 

99 

..... » ■ • ■» 

36 

65 

52 

33 

3 

3 

ist December 192o 

48 

75 

61 

40 

2 

'.:2 / 

2nd 

99 

. . 

47 

76 

61 

41 

1 

1 

Jrd 

99 

ft • „ • 

46 

76 

“ . 

41 

1 

. 0 
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Table lll—miid. 





Temperature in 

Miiiimiim temperature 
oaleulated Hiinus 
observed 



Date 

Dew-point 

(P) 

Dry-bulb 

(D) 

Wet-bulb 

(W) 

Miiiimoiii 

(N) 

A 

from 

equations 
IX &x 

B 

from 

equations 
XI & X II 



1 

2 

3 

s 

5 

6 

7 

4t]bi December 1925 » 

. 48 

76 

61 

41 

I 

I 

5tli 


ft » • 

53 

74 

62 

43 

1 

0 

6tli 

7f 


53 

74 

62 

42 

2 

1 

9th 

f* 


48 

72 

59 

41 

1 

0 

10th 

ft 

ft • • 

48 

72 

59 

39 

3 

2 

11th 

ft 

}, B » 

.48 

71 

59 

39 

3 

2 

12tli 

5J 

»J • • 

49 

72 

59 

40 

2 

1 , 

14tli 

J5 

s> • * 

49 

70 

59 

41 

■ 1 

0 

15th 

» 


48 

69 

58 

40 

2 

0 

IGth 

ff 

ft ,« 

50 

69 

59 

39 

3 

2 

mv 

ft 

!*» • • 

47 

70 

58 

38 

3 ^ 

2 

IStk 

ft 

JJ • • 

42 

72 

57 

36 

3 

3 

FJth 

ft 

if » * 

44 

72 

58 

35 

5 ■ 

4 

20th 

it 

ft » « 

43 

68 

56 

3,5 

4 ' i 

4 

26th 

it 

ft • » 

44 

68 

56 

37 1 

3 

2 

27th 

if 

JJ» • • 

43 

68 

56 

30 

3 

3 

28th 

if 

tf • * 

42 

71 

56 

35 

4 

3 

29th 

ft 

ff • • 

43 

71 

57 

36 

4 

3 

80th 

if 


44 


57 

37 

3 

2 

9th 

ft 

1926 . 

54 

71 

62 

45 

—1 

-~2 

16th 

ft 

J9 '•> ' • 

47 

66 

56 

43 


'-™4, 

16th 

if 

99 • • 

46 

67 

57 

40 

1 

0 

,19th 

ft 

99 » « 

39 

69 

55 

38 

0 

0 . 

,20th 

ft 

ft • •' 

41 

68 

55 

37 

2 

1 
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MiuJinuiM temperature 


Temperature in "F 


calculated minus 


observed (°F) 


Wet-bulb Minimum from 
(W) (H) equations 

IX & X 


from 
equations 
XI & xn 


1st December 1926 
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Table 111—contd. 







Temperature in 

Minimum temperatures ' 
calculated minus 
observed ('’F) 



Date 



Dew-point 

(V) 

Dry-bulb 

(D) 

Wet-hulb 

(VA) 

Minimum 

(N) 

A 

from 

equations 

IX & X 

B 

from 

equations 
>;& xn 



1 



2 

3 

4 

6 

6 

7 

2n<i December 1920 



48 

77 

62 

44 


■ —1 

3rd 


99 



45 

77 

60 

45 

-4 


4tb 

99 

99 



39 

74 

“ 67 

42 

—3 

,—3 . ■ 

5tli 

99 

9* 



35 

71 

54 

40 

—3 

—3 

9tli 

99 

99 



40 

75 

67 

38 

1 

1 

lOth 

99 

99 



38 

73 

56 

36 

2 

2 

lltb 

99 

99 



39 

72 

56 

37 

1 

1 

12th 

99 

99 



40 

73 

67 

37 

2 

2 

IStb 

,9 

99 

« 


42 

76 

69 

38 

3 


14tb 

99 

99 



40 

75 

58 

40 


-1 

31st 

99 

55 



35 

70 

54 

36 

1 

I 

6 til 

99 

1921 

9 


57 

73 

64 

49 

—3 

—4 ' ' 

7th 

99 

99 

0 


53 

70 

61 

47 

—3 

—4 ■ 

Stir 

99 - 

99 



51 

70 


44 

. 

—1 ^ 

2 

5th 

99 

1922 



50 

76 

62 

48 



—5... 

Sth 

99 

99 



53 

74 

62 

47 

—3: 


25th 

>9 

99 



44 

63 

53 

38 

1 ' 

—1 

31st 

99 

99 



35 

64 

51 

37 

—1 

.. —2 , ' 

I2th 

99 

1923 



33 

67 

52 

37 

—2 

—1' 

20tii 

99 

99 



45 

71 

58 

41 

0 

—1 

21st 

99 

99 



41 

71 

56 

41 


—3 

■24th 

99 

99 



48 

71 

59 

45 

■—3 


25th 

99 

99 



47 

72 

59 

43 

—1 


26th 

99 

99 


• 

44 

71 

I 57 

41 

—1 

_2" , 
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Miniiimm temperature 
calculated minus 
observed (*^F) 


Temperature in 


Minimum 


from 

equations 

IX & X 


from 

equations 

XI & XII 


27tii December 1923 


2iid January 1920 


February 


3rd February 1923 
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Table lH—emitd. 







Temperature in °F 

Minimum temperature 
calculated minus 
observed f®F) 



Date 







A 







Dew-point 

(p) 

Dry-bulb 

(D) 

Wet-bulb 

(W) 

Mimmuiu 

(N) 

A 

from 

equations 
IX t% X 

J3 

from 

equations 
XI & XII 



1 



2 

3 

4 

5 

6 

7 

12 til February 1925 



31 ’ 

60 

48 

39 

--.2 

: -^2 

IStli 

JS 

99 



27 

66 

50 

37 

i 

1 1 

14th 


99 



33 

71 

54 

46 

—4 

I 

1 —4 

16t!i 

JJ 

99 



45 

08 

56 

48 

—4 

i 

1 --5 

17tli 

5J 

99 



33 

68 

50 

44 

-6 

—6 

23rd 


91 



28 

72 

53 

37 

i 

i' 4 

4 

3rd 

JS 

1926 



55 

71 

62 

48 

—1 

0 

4tli 

>9 

99 



43 

71 

57 

46 

--~1 


7tii 

>> 

99 



43 

69 

56 

42 

1 

I 

16tli 

99 

99 



44 

74 

59 

42 

4 

4 

17tli 

99 

99 



33 

72 

54 

41 

I 

1 

20tli 

99 

99 



43 

75 

59 

45 

1 

1 

23rd 

99 

99 



47 

81 

63 

49 

0 

0 

25th 

99 

1927 



33 

67 

53 

39 

1 

2, . 

16th 

99 

1928 



49 

73 

60 

47 

—1 

0 

17 th 

99 

99 



43 

75 

59 

45 

1 

1 

20th 

99 

99 



48 

79 

62 

50 


—2 

2Ist 

99 

99 



46 

81 

62 

51 

—2 1 

—3 

22ad 

99 

99 



45 

82 

62 

48 

1 

0 

23rd 

99 

99 



42 1 

80 

61 

48 

0 

—1 

4tli 


1929 



35 

64 

51 

36 

3 

3 

16th 

99 

99 



40 

71 

56 

43 

0 ■ 1 

1 

0 

,17th 

99 

99 



43 

72 

57 

42 

■ 3 

2 

19tli.' 

.. 

>9 \ 



43 

75 

59 

* 46 

0 

0 
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Table lIL—cordA. 


Temperature in 


Miniiiitini temperature 
calculated minus 
observed (°F) 


A B 

Dew-point Dry-bulb Web-bulb Minimum from from 

(p) (D) (W) (ISf) equations equations 

IX & X XI & XII 


1 ' '1 


■ 


■I 


‘A''": ' 


■i 






26tb February 1927 
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Table III— 







Temperature iu °F 

Minimum temperature 
calculated minus 
observed ( ®F) 



Date 



Dew-poiat 

(P) 

Dry-bulb 

(D) 

Web-bulb 

(v\) 

Miaimum 

(N) 

A 

from 
equations 
IX & X 

B 

from 
equations 
XI & XH 



1. 



2 

3 

4 

5 

6 

7 

26tli February 1923 



45 

70 

57 

47 

—3 

—3 

lOtli 

9? 

1924 


m 

45 

63 

54 

41 

0 

1 

11th 

f» 

99 



42 

65 

54 

43 

—2 

—1 

ISth 

99 

99 



41 

68 

56 

42 

0 

1 

16th 

99 

79 


» 

37 

71 

55 

43 

0 

0 

17tii 

99 

77 

« 

• 

42 

71 

66 

60 

—6 

—7 

18th 

99 

99 



39 

74 

67 

44 

0 

0 

19tu 

79 

•9 

e 


39 

76 

68 

45 

0 

0 

20tli 

99 

99 

9 

A 

44 

79 

61 

47 

1 

0 

21st 

•9 

99 



46 

78 

61 

49 

—2 

—•2 

1st 

99 

1919 


• 

48 

62 

65 

43 

—1 

—1 

6th 

99 

99 

* 


48 

67 

57 

43 

1 

1 

6th 
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Inttbodijction-. 

Tlie investigation reported in the paper relates to tlie study of respiration and 
otter metabolic activites in grape berries from tlie time of bearing to maturity. 
Tte ■work was carried out in 1929 in the Botanical laboratory, Punjab Agricultural 
College® Ly allpur. So far as the authors have been able to trace by the study of 
literature on the subject, it appears that the following brief references point to 
the work done on metabolic processes in plants including fruits. 

Ludwig dost [1907] holds that protoplasm is the seat of respiration and men- 
tions that even the same organ of an individual plant in diSerent stages of deve- 
lopment, exhibits the widest possible variation as far as the respiratory activity is 
concerned. "'Flowers, embryonic organs,' germinating ■ seeds, buds, etc., appear 
to respire more vigorously than full grown, roots, stems or leaves/^ Palladia [1921] 
says On the amount of protoplasm present in a tissue depends the amount of en- 
zymes and the latter determine the rate of respiration as long as the supply of 
carbohydrates is adequate. Kidd, West and Briggs [1921] have witnessed a fall in 
the respiratory index of HeliantJms annus and of its various parts with the increase 
in age. 

Blackman and Paiija [1928] state, Any change that takes place in, the meta- 
bolic activity of the cell must run in close parallel with the correspo'ndiiig change in 
the respiration of that cell 'h Eichards [1896] observed an increase in the respira- 
tory activity after injury to plant tissue. Ha ascribes this increased respiration 
to an efiort on, the part of the plant to recover from the injury. Luthra [1924] 
while studying the effects of dry and moist air on the rate of respiration and break- 
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down of ripe pears found that dry air hastened tlie rate of break-down as compared 
with moist air. The rate of xeBpiration showed a marked decline "with the lapse of 
time. ArelihoH [1925] holds that a high iiitrogen content in genem^ 
paniedby a high respiration rate and during storage other factors besides nitrogen 
content come into play which dimmish the respiration rate. Gore [1911] says 
The rate of respiration is not a direct function of content of sugars or of acids 
and does not depend on size, as Japanese Persinioiis are richer in sugars than straw- 
berrieSs yet are less active ; oranges and lemons, which differ greatly in acid con- 
tents, have about the same respiratory activity. Eed ciiirarsts differ greatly in 
respiratory activity from black currants although they are nearly the same in size. 
Spoehr and Megee [192B] hold ■ that A carbohydrate content alone eannot be 
taken as an index of the rate of respiration 'k According to them presence of 
amino acids in a tissiie determines its respiratory activities. Appleman [1916] 
found an invariable parallelism bet\?een the respiratory intensity of sweet corn and 
the Catalase activities in the expressed juice. 

SOHEIVIB OF THE INVESTIGATION, 

The subject has been studied in the following respects 

A. Determination of the rate of respiration of grape berries of different ages. 
These estimations were made in the laboratory (1) on bunches removed from the 

plant and (2) in situ while the, bunches were on the plant. Experiments on 
, grape bunches m were carried' on during the day from 6 A. M. to 12 noon and 

at night from 9 p.m. to 3 a.m. ■ 

B. A biochemical study of metabolic changes throughout the life* cycle from 
the time of bearing to maturity. The , following deterniiiiatioiis were mad© at 
intervals. 

1. Total solids. 

2. Total reducing sugars. 

3. Total titrable acids. 

4. Nitrogen, contents. 

5. Water-insoIuWe residue. 

6. Specific gravity of the juice. 

; . 7. CelMoge. ■ 

: C. Study of .correlation between the rate of respiration and sugars. Deter- 
■ inination of co-effieient of correlation between sugars and acids. 

(A) Studies on Eesplration. 

The work was' undertaken to discover if there was, any correlation between the' 
intensity of respiration 'and the biochemical changes that occur in -grap© berries dur- 
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iag tlie process of niatiiratioii. Tie nature of tie problem necessitated a study of tie 
activity of respiration and ciemioai ciarjges in developing grape berries. For this 
purpose two Indian varieties of grape vines named arid growing in tie 
vineyard of tie Botanical Section, Punjab Agricultural College, Lyailpur, were 
selected^ These varieties were . introduced from Peshawar in 191(L Berries of 
jaishi are white and oblong and those of tuf are black and round, Mow^ers 
appeared about the 20 ti of March and bunches were labelled as soon as the berries 
had. set, ' Exact age of the bunches was known when they were siibjectsd to physio- 
logical studies. 

Ajp 2 ^amkm emphyed.—Uhe method employed for determining the rate of res- 
piration was one of gaseous exchange. A constant current of -air free of carbon di- 
oxide' was maintained through a respiration chamber by means of a suction pump 
connected with a water tap and controlled by a mercury pressure regulator. The 
current of air entering the respiration chamber was cleared of carbon dioxide by 
passing through a soda lime tower and a series of bottles eontaiiiing 20 per cent, 
sodium hydroxide solution. Before entering- the respiration chamber, the air w^’as 
let through a small bottle containing barium hydroxide. The absence of any pre- 
cipitate ensured that the air was compiete^y freed of COg. Carbon dioxide evolved 

by the berries was absorbed in a known quantity of standardised EaOH solu- 
tion filled in Pteiset towers. Air escaping from the Keiset tubes vras again tested 
for the complete absorption of CO 2 by barium hydroxide. 

Experimental procedure, — In order to map out variations in the respiratory 
activity of grape berries as influenced by metabolic changes, entire bunches of 
known age were removed from time to time and taken to the laboratory for the 
determination of the rate of respiration. Bunches were taken for the estimation 
of respiration because it was feared that removal of berries alone would make tliem 
more liable to a fungus attack and wounding was likely to augment the GO 2 output. 
The bunch was weighed before and after the experiment and loss in weight was 
recorded each time. It was then quickly transferred to the respiration chamber^ 
which had been previously exhausted of CO^ by running the apparatus empty for fi 
hours. After putting in the bunch, the apparatus was again nm for half -an hour. 
Keiset tubes were then connected with the respkation cha'inber. ■ For each 
determination, the experiment was run for not less than 22 hours. 

During the course of these estimations, care, was .taken to keep the apparatus 
air-tight. Eespiration chamber was always kept covered by a piece of black cloth 
to stop carbon assimilation. The bottles containing 20 per cent. NaOH solution 
-used for Tendering the air free of carbon. dioxide before it entered the chamber, were 
changed from time to time. 
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Kie determinations were made at tie room temperature^ wMeli Yaried as tie 
season advanced (Table III-A) ; care being, however, taken to keep the temperature 
as uniform as possible during the conise of each determinatioii by immersing the 
respiration chamber in a water bath. The temperature, in this manner, was kept 
constant to within two degrees, during the experiment.. 

At the close of the experiment, Reiset tubes were thoroughly washed with boiled 
distilled water. The CO 2 given out was quantitatively estimated by titrating the 
solution against N H 2 SO 4 using phenolphthalein and methyl orange as indicators. 
The amount' of NaOH used up in the reaction was ascertained and from this total 
CO 2 evolved during the duration of the experiment was worked out. 

, To eliminate any possible error due to washing of the absorption tubes and traces 
of CO 2 finding their way from the air, the apparatus was run' for 24 hours periodi- 
cally as a control. The NaOH in the absorption tubes was titrated and the amount 
of alkali used up in this way w^as subtracted from that taken up by tlie CO 2 evolved 
by the berries. The results were expressed on initial weight of the berries as c. c. 
of CO 2 evolved per 100 gims. of berries per hour. 

Results^- 

Determinations of respiratory activity were begun, when^ berries were two days 
old in the case of jaishi and about five days old in the case of tur. At these stages 
berries had attained an appreciable size fit for handling. Experiments, were carried 
on till berries had completely matured. The results are given in Table I and the 
range of variation is illustrated in graph Fig. 1 . 

It appears from the data that respiration was very active, when berries were 
young, but the rate gradually slowed dowm and became fairly constant later, as 
berries' advanced in age. The rate of respiration declined very rapidly during the 
first thirty days after setting ; after which period the decline was not so well pro- 
nounced. On the 35th and 62 i 2 d day a slight rise is noticeable. This was due to the 
fact that some of the berries, during the course of the experiment, were attacked by 
a mould and caused fermentation. The bunches ' were taken out, respiration 
chamber was sterilized and. experiments were started again. After that, no such 
fluctuations occurred and the curve shows a steady fall till ihe respiratory activity 
reaches a minimum. The minima in the curve correspond to complete maturity of 
the berries. 

Reference to experimental evidence illustrates that the rate of respiration fell 
from 30*49 c. c. of COg per hundred grms...per hour, when berries w^ere young to 4*79 
c. 0 . of CO 2 when berries had fully matured. 

. ;'A''^&^ tate was discovered in the case of the variety, 

Analytical d'ata': obtained in this case strictly' corroborate that obtained in jmsJii, 
The results are given in Table II and graphed in Fig. 1 . 
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In 1930 the experiments were repeated and four deteriBiiiations were made with 
three bunches of the same age in each lot. The results showed slight i^armtioiis 
due to the difierence of temperature, but on the whole corroborated the data of 
1929. 



Table I. 

Showing the rate of respiration in the JaisM Vine throughout the life cycle of the 

berries. 


Bate of commencement of the experiment 

Age of 
berries 
in days 

Duration 
of the 
experiment 

Oatpat of 

COa in ccs. 
per 100 grms. 
of berries per 
boar 

IStli April 1920 . 





2 

22 boars 

30‘49 

20tli April 1920 . 





5 

24 „ 

20-27 

24thApril 1929 . . 





8 

22 „ 

16-88 

27tih April 1929 . 





10 

24 „ 

11*86 

6tii May 1920 . 





15 

25 „ 

10*81 

14th May 1929 . 





20 

24 „ 

7*47 

18th May 1929 . 





25 

26 „ 

7*58 

24th May 1929 . 





30 

24 „ 

7*26 

26th May 1929 . . 





35 

27 „ 

8*40 

29th May 1929 . 





40 

28 „ 

6'90 ' 

30tli May 1920 . 





47 

28 „ 

6*86 

4tli Jnn© 1929 . . 





62 

26 „ 

7*57 , 

7tli June 1920 . 



» • 


56 

26 „ 

6*03 

mh Jan© 1920 . 



9 ¥ 


1 60 

27 „ 

; : 5*97 

■ letlbi Jan© 1920 . 



a * 


; 65 

26 „ 

5*87 ' 

20tli Jane 1920 . ' 





70 

23 „ 

4*85 

25tli Jane 1029 . 

• 




75 

24 „ 

4‘79 





Table II. 


Showing the rate of respiration of grape berries in the tur Vine. 



Output of 
COg in cos. 
per 100 gi'ms. 
of berries per 
hour 


Bate of commencement of the experiment 


THROUGHOUT THEIR LIFE CYCLE. 


DAYS AFTER SETTING' 


Age of 
berries in 
days 

Duration 
of the 
experiment 

B 

23 hours 

5 

22 

15 

25 „ 

29 

28 „ 

36 

24 „ 

40 

22 

50 

26 „ 

1 65 

26 „ 


i 


I 


4 


I- 


STUBIES IN EESPIRATIOH ANB OTHER METABOLIC ACTIVITIES IN GRAPE ¥INE tOl 

Respiration op grape berries in Situ during day time. 

Kidd, West and Briggs [1921] wHle studying respiratory index of cletached 
parts of HeliantJms annus determined respiration of an entire plant in .situ in the 
field. They noticed a strict parallelism, between the values obtained from cut and 
entire plant in situ to the extent that there was a continuous falling off in' the 
respiration rate with age in both cases. 

With a view to find out if such a bulky material as grape berries would yield 
similar results, the experiment referred to was conducted. 

Apparatus used . — ^In the absence of a water tap in the field, an aspirator was 
employed in place of the suction pump, etc. Experience showed that the aspirator 
did not exert a sufficient force to draw in air through Reiset towers. Three 
bubblers with spiral tubes were therefore employed and each contained 100 c.c. of 

~ NaOH solution for the absorption of COg. The apparatus used for the removal 

of CO 2 from <air entering the respiration chamber and the procedure adopted were 
the same as already described. 

Experimental procedure. — Only one plant otjaishi variety -was selected for this 
purpose. Bunches, which could be conveniently handled, were selected. The 
respiration rate was estimated once a week and was continued till the bunch 
was 68 days old. At this stage the experiment was stopped, because mislead- 
ing values were obtained due to the appearance of a fungus on the berries. The 
bunch under investigation was carefully introduced into a wide mouthed glass 
bottle, A slit was kept in the cork through which peduncle of the bunch could 
pass. All joints were made air tight by wax. The plant chamber was then placed 
in a water bath and was kept covered by a piece of black cloth in order to keep out 
light. The apparatus was run empty for half an hour to expel COg from the respi- 
ration chamber before COg absorption bubblers were connected with the respiration 
chamber. After half an hour bubblers were attached to the plant chamber and the 
experiment was allowed to continue for six hours each time. Temperature of the 
plant chamber was taken occasionally by a thermometer inserted in the chamber 
(Table III). Reference to Tabk III shows that the average temparature varied 
only from 2 to 3 degrees during the course of determinations except on 20feh April 
1929 when it was 84 degrees F due to clouds but it shows a rapid rise from 6-7 a.m. 
to 12 Noon-1 R.M. in almost all the experiments. 

At the close of experiment, the bunch was taken out and its volume was 
measured by water displacement method, because weighing was impracticable. 
The bubblers were taken to the laboratory, washed with boiled di-rilled water and 
COg was quantitatively estimated by the method already described. The results 
were expressed as c.c. of OOg evolved per 100 c.c. of the bunch per hour. 
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The results obtained with detached bunches in the laboratory were 
I i . also expressed on volume basis in order to make them strictly comparable with those 

got in sHm, From the data compiled in Tables III and III-A and graphed in Figo2, a 
: : close agreement between the values obtained in the field and laboratory is noticeable 

to the extent that respiratory activity shows a gradual decline as the berries 
I j '1; ' mature. Values obtained in the laboratory and the field when the berries were 

■ " 2 days old are identical and this is due to the average temperature in both the 

cases being nearly the same. In the field higher values are obtained for the 
;| ! _ determinations made on berries 8 j 12, 19 and 26 days old than the corresponding 

figures got in the laboratory. Higher temperature in the field in those days seems 
to be. responsibile for the increased respiratory activity there, since later on, when 



average temperature of the laboratory exceeded the average temperature in the 
field, as summer advanced, the results tended to be slightly higher in the case of 
laboratory. For practical purposes, however, the results are similar- in both the^ 
cases and they are confirmed by the results of Kidd, West and Briggs. 

Indirectly the results also confirm the view that there is greater respiratory 
activity with the rise of temperature. 

Table III. 

Shotving the mte of respimtion of grupe hemes in situ. 


Output of COg Duratioa 
iu CCS. of ill© 

per 100 c.c. of experi- 

berries per meut in 

Hour hours 


Average tempera- 
ture of the 
chamber for 
the day 
I-egrees ¥ 
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Table III-A. 


Showing the rate of respiration of grape berries in the lahoralory. 


Bate of commeace- 
ment of the 
experiment 

Age of 
berries 
in days 

Average tempera- 
ture of the chamber 
for the day 
Degrees 

Output of Co-> 
C.C’sper ^ 
100 cc of 
berries per 
hour 

Duration 
of the • 
experiment 
la hours 

15th April 1929 

2 

84*2 

34-01 

22 

22E(i April 1929 

6 

85 

24*0 

24 

24th Apriri929 

8 

84-2 

16-45 

22 

27tli April 1929 

10 

86-2 

11*97 

24 

6 th May 1929 

16 

S9*l 

10*94 

25 . 

14th May 1929 . . 

20 

90-6 

7*01 

, 24 

18th May 1929 

25 

91*8 

•7*55 ' 

26 

24th May 1929 

30 

93*8 

7*53 

24 

26th May 1929 

35 

93*9 

8*65 

27 

29th May 1.929 

40 

96*2 

7*13 

28 

30th May 1929 

47 

97*3 

6*91 

28 

4th June 1929 

52 

99*6 

- 7*96 

26 

7th Jnn© 1929 

56 

96*2 

7*02 

26 

12th Jim© 1929 

60 

100*1 

6*11 

27 

!6th Jme 1929 

66 

94*2 

6-03 

26 


Respiration in situ during night. 

These studies were further carried out to ascertam the behaviour of berries with 
regard to respiratory activity at night. Ten observations were made from time to 
time from 9 p.m. to 3 a.m. 

Apparatus and experimental procedure.— The apparatus used and the method 
followed were exactly the same as already described except this that the experiment 
was conducted at night. 

Results.— Bata obtained are represented in Table IV and Fig. 2 Page 704. 
Examination of the values obtained during day and night reveals that under the 
conditions of the experiment there is no diSerence between the respiration rates in 
the two cases. The general form of the curves in both agrees with one another, but 
slightly low figures are obtained at night and this difference is evidently due to 
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lower temperature. In no ease tlie average temperature esceeded 89° F but during 
tbe day time it was as high as 95°F. 

Table IV. 

Showing the rate of respiration in situ at night. 


Average 
temperature in 
degrees from 
9 F.M. to S A.M. 
Degrees F 


Duration 
of tlie 
expeiiineiit 
in lioiirs 


Output of Co 2 
per 100 cc of 
berries per liour 


Age of 
berries in 
days 


Date of commence' 
meat of the 
experiment 


^FFEREHT TIMES OF THEIR LfPE HISTORY 


SITu(DURmO DAY TIME) 
SITU (^DURIHG NiGHT TIME) 
THE LABORATORYf BUNCHES 


DAYS AFTER SETTING- 


79-6 

29*76 

79-0 

22*36 

84-7 

19-14 

74*2 

6*47 

showers of rain. 


89-6 

7*90 

stormy. 


86-2 

6*13 

84-2 

6*65 

83*6 

6*32 

84*7 

4*47 

86*2 

3*71 
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(B) Metabolic Changes. 

Chemical changes accompanying the metabolic activities of grape berries during 
their life history were studied with reference to the following constituents. 

1. Total solids. 

2. Eeducing sugars. 

3. Total titrable acids. 

4. Mtrogen. 

5. Water-insoluble residue. 

6. Specific gravity of the juice. 

7. Cellulose. 


Methods employed for the estinaation of the above constituents and the results 
obtained were as follows : — 

1. Total solids.— Tho amount of dry matter present in the berries at different 
times during their growth was estimated every week. A known weight of berries 
was placed in an oven, at a temperature of 90°C. Of course it is not possible to 
completely dry the sample at this temperature but heating beyond 90°C is likely to 
lead to the decomposition of sugars, so this temperature was never exceeded. The 
best method for estimating the amount of dry matter in the berries would have 
surely been that of drying them in a vacuum oven but arrangements could not be 
made for it. 

Results .— V below gives the variation in the dry matter for bothyaisM and 
tur varieties. Looking at the figure ioijaisM it will be seen that the percentage of 

dry matter on the 3rd day after setting is rather high, then it goes on decreasing 

till about the 3rd week, when it continues to rise gradually up to the end of the 
ripening period. It is rather difacult to explain the excess of dry matter during 
the first week of setting, since as it will be noticed later on, the amount of cellulose 
material is almost constant throughout the life cycle of the fiuit. Tins probably 
means that the percentage amount of proteins and sugars and other non-cellular 
material is much less in the beginning. 
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TLe excess of dry matter in the initial stage is also noticeable in the case of 
the tur variety. From about the second week onward the total solids, however, 
show a steady increase uptil the end. The results are represented in fig. 3. 


— Total sol-ids throughout the life, cycle of- 

GftAWE BeRKIZ. S 
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2. Redming sugars , — tie early stages, berries of both tie and tur 
grape vines are green in colour and it was expected that prior to formation of 
sugars there would be starch produced. But microscopic examination and 
chemical tests failed to reveal the presence of starch grains. It appears that 
sugars are the direct product of carbon assimilation. 

Before reducing sugars can be estimated, it is necessary to obtain the juice 
in a suitable form. For this purpose the method recommended by Haynes 
[1925] was used. A known amount of berries was rammed down into silver- 
plated metal cylinders and left over night in freezing mixture. Next morning 
the berries along with the juice that had come out during the night, were crushed 
in a pestle-mortar and' the entire mass ground to a fine pulp and transferred to a 
260 c. c. flask with the help . of distilled water. The juice was clarified by the 
addition of basic lead acetate and stirred. The flask after being shaken thoroughly 
was allowed to stand for 10 to 15 minutes, so that proteins and other allied bodies 
may settle down. In order to remove the excess of lead, powdered sodium car- 
bonate was' added till the solution was just alkaline. The solution was now made 
up to the mark, well shaken and filtered. The first portions of the filtrate 
were again transferred to the filter paper, till a clear solution was obtained. 
This juice was used for the estimation of reducing sugars, which was done as 
follows. 

20 c.c. of the Fehling’s solution were prepared according to the method of 
(Ling and Jones) and were titrated against the juice obtained from the berries as 
described above and diluted to a suitable strength. Ferrous ammonium sulphate 
and ferrous thiocyanate were used as external indicator. The end point was 
detected by bringing a drop of the reacting mixture on to a marble slab in contact 
with the above indicator. Absence of- any red colour indicated the com- 
pletion of titration. The estimation was repeated till concurrent results were 
obtained. 

Results —T!he results obtained are given in Table YI below and are also 
represented in Fig. 4, It is to be noticed that the rate of accumulation of reducing 
sugars in -the berries is rather slow during the first 4 weeks after setting. During ■ 
this period the rate of respiration is correspondingly very high. This means 
evidently that the amount of sugars produced by the plant in its earlier stage is 
not very much in excess of what would be required for the respiration process. It 
is only after the metabolic activities come to a' uniform rate that the accii- 
mulation of sugars occurs. At this time the amount of OOg given ofi by 
the berries also shows a decline and practically becomes constant after a few days 


more. 
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Table VI. 


Showing peromtage of reducing sugars expressed on dry weighl of berries, throughout 

their life cycle. 



JaiaM 


Bate of estimatioa 

Age of 
berries in 
days 

Percentage 
of reducing 
sugars 

20lli April 1029 

2 

•95 

mtd April 1929 ' . 

10 

3*65 

27tli April 1929 . . 

20 

7*83 

Sill May 1029 ■ 

26 

0-07 

I6tfe May 1020 

35 

17*98 

2Srd May lOiO 

40 

23*06 

39tli May 1020 

47 

46*12 

6tliJ«ael920 ■ . 

56 

66*76 

nth Jua© 1929 

60 

88*00 

20tli June 1020 

67 

92-56 

26th Jwue 1929 

75 

9a3-31 


Tur 


i Age of Percentage 

Date of estimation berries in of reducing 
days sugars 

2Sth April 1929 . 6 1-24 

3rd May 1929 . 15 4-39 

loth May 1929 . 19 7-62 

20th May 1929 . 29 9-00 

27th May 1929 . 36 lS-22 

3rd June 1929 . 40 54-55 

10th June 1929 . 50 88-41 

17th Juno 1929 . 55 94-74 


DAYS AFTEK SETTING- 
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3. Estimation of total titrable acids . — ^Lewis [1927] lias shown that tie acids 
present in grapes consist mostly of tartaric and malic acids. The nnclarified juice 
as prepared above was used for tie estimation of these acids. This was done by 

titrating against -|^NaOH using phenolphthalein as indicator. Duplicate titra- 
tions being always carried out. Tbe results obtained were expressed in terms of 
malic acid. 

Results. — Table VII and Fig. 5 illustrate that the total titrable acids also 
increase during the first 4 weeks or so and then in parallel with the rise of reduc- 
ing sugars, they begin to decline gradually. The decrease in the quantity of acids 
continues up to the end, when only about three per cent, of them are present on the 
75th day in jaishi and 55th day in tur. The presence of such a small amount of 
acid in perfectly ripe berries obviously constitutes an advantage as far as its flavour 
and taste are concerned. 


Table VII. 


Showing the 'percentage of total titrable acids expressed in terms of malic acid on dry 

weight of berries. 


J aisM 

Tur 

Date of estimation 

Age of 
berries in 
days 

, 

Percentage 
of malic 
acid 

Bate of estimation 

Age of 
berries in 
days 

Percentage 
of malic 
acid 

20th April 1929 

2 

14*46 

28th April 1929 

■■ ■ 5 

17*36 

23rd April 1929 

10 

18*23 

3rd May 1929 

15 

21*10 

27th April 1929 

20 

. 27*60 

loth May 1929 . 

19 

23*23 

Stli May 1929 

26 

30*0 

20th May 1929 

29 

24*86 

loth May 1929 

35 

36*98 

27th May 1929 

36 

23*89 

23rd May 1929 

40 ■ 

29*88 

3rd June 1929 

40 

11*96 

30tli May 1929 

47 

16*84 

10 th June 1929 

50 

8*47 

6th Jnne 1929 

56 

10*90 ! 

17th June 1929 

55 

3*12 

13tii Jane 1929 

60 

6*46 




20tli June 1929 

67 

4*35 




26tli June 1929 

75 

3*27 





a 
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R\£S THROUGHOUT THEIR LIFE CYCLE- 


DAYS AFTER SETTING- 


4. Nitrogen.—mtTogrn was estimated according to KjeldaH’s metiod . A weigh- 
ed amount of berries generally 20—25 grams was transferred to Kjeldahls flask and 
after the addition of 25 c.c. of concentrated H2SO4 and 10 grams of £3804 and a 
small crystal of OUSO4, the whole was digested over a strong flame till the solution 

became quite transparent. 

The contents on cooling were transferred to £00 c.c. flask and made up to 
the required volume. 50 c.c. of this solution were added to a distillation flask and 
strong soda solution added till the liquid became distinctly alkaline and ammonia 
liberated was received in 20 c.c. of .^^NaOH and thus the amount of HaS04 used 
and consequently the amount of nitrogen present in the corresponding sample 
was calculated, from which the percentage of nitrogen in dry weight of berries was 
arrived at. In order to allow for the amount of nitrogen present in the different 
reagents a control was always run parallel to the experimental flask. 

Sestiks.~Tbe determinations were made 4 times during the life cycle of berries 
in jmh only. The results obtained are given in Table VIII which show that nitro- 
gen falls down consistently up to the 47th day, while on 75th day there is a slight 
rise of which no satisfactoy explanation can be offered. 
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Table VIII. 


Shffmng the pet’centage of nitrogen in grape berries expressed on dry weight at 

different times. 


Variety 

Bate of estimation 

Age of 
berries in 
days 

- Percentage of 
nitrogen 

JaisM . . 

1 8tli April ] 929 . ^ . 

5 

2-41 


2iid May 1929 . . 

19 

1*44 


30tli May 1929 .... 

47 

*530 


26tli June 1929 - ... 

75 

1*11 


5. Wafer-insoluble Residue.—^ug&is, and acids are the chief water soluble con- 
stituents in grape berries. A great deal of cellulose, proteins and other mate- 
rial insoluble in water are also present. The amount of these was determined 
by taking a known weight of berries and grinding thoroughly in a pestle-mortar 
till it was reduced to a fine pulp. This pulp was now repeatedly washed with 
distilled water to free it of all the soluble substa nces. Insoluble residue was dried 
in a steam oven to a constant weight. 

jSesiilis.— Water-insoluble residue was found practically constant during the 
entire life cycle of the berries. It came to 4-73, 3-64 and 3-41 per cent, of the 
weight of fresh berries. It has been observed that total organic nitrogen shows a 
gradual decline. This would mean that this decline is rather restricted to the 
Lluble portion of the nitrogen showing thereby that the metabolic processes during 
the growth and maturity of the berries make use of soluble and hence rapidly 
available nitrogenous substances. 

6. Specific gr cecity . determination of specific gravity was made with the 
object of finding out the changes in the concentration of the juice during the ripen- 
ing period of the berries. The juice was extracted as previously explained and 
filtered through 4 or 6 layers of fine muslin. Specific gravity was determined by 

actual weighing of the juice in a specific gravity bottle. 

Results .— analytical data obtained are shown in Table IX. The figures for 
specific gravity show" a steady rise throughout the life-cycle, showing that the 
amount of soluble matter goes on increasing till the end. It is remarkable that 
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this iacrease runs almost parallel with the increase in reducing sugars, showing 
thereby that the amount of soluble material consists mainly of reducing sugars. 

Table IX. 

Showing tlie specific gravity of grape juice in Jaishi variety. 


Date of estimation 

Age of 
berries 
in days 

Specific gravity 
of 

the juice 

24tli April 1929 . 



. 


. 

. 

. 


12 


1-0190 

2nd May 1929 , 







• 


17 


1-0192 

9th i; ay 1929 . 









26 


1-0198 

16tli May 1929 . 









33 


1-0239 

23rd May 1929 . 









40 


1-0304 

30th May 1929 . 









47 


1-0492 

7th June 1929 . 









54 


1-0687 

14th June 1929 . 






. 



61 


1*0643 

21st June 1929 . 






. 



68 


1-0795 

28th June 1929 . 

• 

• 


• 


• 

• 


75 


1-0990 


7. Celhdose.— This constituent was not determined directly but some idea can 
be obtained by subtracting from the figures for water-insoluble residue the corres- 
ponding amount of insoluble proteins as calculated on the nitrogen basis, The 
figures for nitrogen are arbitrarily multiplied by the factor 6-25 to get the pro- 
teins. The results are given below in Table X. 

Taile X. 

Shouing the percentage of cellulose in grape berries at different ages as calculated from 
water-insoluble residue and protein^ etc. 


Date of estimate. 

1 

Age of 
berriers 
in 
days 

Percentage 

of 

nitrogen. 

Percentage 
of total 
solids 

Percentage 
of total 
proteins as 
calculated 
from 
nitrogen 

Water- 

insoluble 

residue 

Percentage 

of 

cellulose 

18th April 1929 

6 

2-41 

13-75 

2069 

4*73 . 

2 661 

2nd May 1929 

19 

1-44 

6-93 

*619 

3-29 

2 671 

30th May 1929 . . 

47 

636 

10-47 

•35 

3*08 

2-730 

Cth June 1929 

75 

1*115 

200 

1*394 

3*41 

2-016 
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It will be seen that the percentage of cellvilose in the berries is unaffected by 
other changes that take place during the life-cycle of the fruit. T'le conclusion 
seems to throw some light on the cellulose constitution of the berries. The size of 
the berries increases and yet the amount of cellulose remains almost constant. 
Does this mean that the material comprising the cellulose is of an elastic nature, 
and in its distended form can serve the needs of the benies as well, as in the ea?lier 
stages of growth of the fruit ? The question requires further investigation. 

DiseussioJi cf the results. 

As already remarked there is a distinct correlation between the respiratory 
process going on in the berries and the amount of sugars and acids present there. 

A statistical study of correlation (1) between respiratory activity of the berries 
and reducing sugars in the case of jaishi shows that it is fairly significant and the 
co-efficient of correlation comes to — •52±T4. This evidently means that the 
increase in reducing sugars tends to lower the respiratory activity of the fruit and 
(2) betiveen reducing sugars and total titrable acids indicates that the relationship 
is signifi cant. Co -efficient of correlation in the ease of is —•078+ 'OS and in 
the case of iiir it is — 0'92+'03. Respianttion takes place to a great extent at the 
expense of soluble protein bodies. TTiis means that the berries during their early 
period of growth make use of both sugars and proteins. That the amount of COg 
given out by the berries after 4 or 5 weeks becomes almost constant points to the 
conclusion that henceforward the berries are functioning for the luirpose of storing 
the products of photo-synthetic activity rather than meeting the demand involved 
during growth. The accumulation of sugars made after being saved in this way 
accounts for the economic importance of grapes. 

The authors’ thanks are due to Dr. Eamji Narain, Assistant to the Agricultural 
Chemist to Government, Punjab, for the help that he gave in carrying out the 
chemical part of the subject. 

Summary. 

1. Eespiration rates of grape berries of juMf and varieties were studied 
throughout their life-cycle. Experimental data show that the berries respired 
very actively during the early stages of their growth but the intensity of respiration 
slowed down as the berries advanced in age. 

2. It appears that as ripening advances, there is an increase of sugars and a 
decline of respiration. Accumulation of sugars seems to retard respiratory activity, 
which is also affected by age. 

3. Co-efficient of correlation between sugars and respiratory activity in the case 
of jaisMw&s worked out and was found to be significant. It came to — •52+T4. 

H ' 
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4. Bntp of respiration In detached grape bunches as well as those in stiu has 
hi i.n foiuitl to be the same and decreased as the process of ripening progressed. The 

resnltn obtained are in exact conformity with those obtained by Kidd. West and 
iii'i. 2 as. 


o. Stariyofthe respiration of berries during night time has not shown any 
noticeable difference, when compared with the results obtained during day time. 

ower temperature seems to he responsible for the slight fail in the respiratory 
activity at night. ' 



^ 6. Beducing siigers show a steady increase with the ripening process. The 

berrira corresponds with the complete maturation of the grap. 

7. Total titrable acids go on increasing for about four or five weeks and after- 

wares t iey begin to fall. The maxima in acid curve coincides with the accumula- 
tion of sugars m much greater amounts than before. 

8. Nitrogen : Nitrogenous contents show- a straight decline till 47th day. 

cycle ome^berX^r^^^ residue remains practicallyconstantthroughoutthelife- 

of 

berries remains stationary throughout, although 

sevend changes are taking place in other constituents. 

12. Co-efficient of correlation hetxveen sugars and acids comes to ~0-78+0-08 in 
in botUhe cases. m the case of /nr. It is found to be significant 
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(With Hates LXVII and LXVIII.) 

The importance of the relation of soil conditions to the development and dis- 
tribution of root-systems is one of the chief considerations in the economic study of 
agricultural crops because it leads to an intelligent application to crop production. 

In India, sesamum is grown in many different types of soil, from the poorest 
sandy soils to the richest clayey lands. It is but natural that the crop varies con- 
siderably in yield in the dffierent soils. From the economic point of view, therefore, 
the different types of soil, which are most suitable for the full development of the 
crop, are worth investigating. With this idea two types of Sesamum indioum, 
Pusa Type 22 (early) and Pusa Type 29 (late) were sown in two series in different 
proportions of sand and clay. The plants were grown in large cylindrical contain- 
ers made of wire-netting. These were lined inside thickly with plantain leaf- 
sheaths, and such pots were found to hold the sods very well. They were 16" in 
diameter and 36" deep. 

The sods were prepared in the following proportions :—{i) clay*, («) J sand+f 
clay, {Hi] i sand-ff clay, (i'c) | sand-fj clay. Eight pots were used for each type 
thus allowing a duplicate set also running for observation. The soils were made 
uniformly moist, before filling in the containers, to provide the right condition for 
the germination of the seeds. As the sesamum crop is grown during the rains in 
Bihar very little irrigation was required ; when the soil became dry an equal 
amount of water was applied to each pot. 

The roots of the early series were washed two months, and those of the late 
three months, after sowing. They were washed out slowly w ith a “Knapsack 
~ " * Oiay, as ordiaary paddy field soil, Pusa. 
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Sprayer^", prasemrig at tlic same time tie natural spread of tlie roots witli tlie aid 
of li>ng' necalles ^ were tiriist in to keep tlie roots iii tieir iiatiiral positioii 

wlieii tie soil was being wasted away. 

Tie detailed observations, made on tlie root and sboot were as follows :~ 


(A) Early Series {Tyre 22). 

Soil: Clay.— The plant grew to a lieiglit of 54 cm. -witb three secondary 
branches,' and formed 4 capsules. The main root was 10 cm, long and w-as about 
8 miiu thick at the start- and then tapered gradually. There were 10 secondary 
roots ; most of these were situated within a few cms.. from the soil surface. The 
' secondajy roots produced very thin tertiary roots and these were about 6 per 1 cm. 
length. The spread of the roots in general was not extensive. The colour of the 
roots was ratlier dark brown. 

■ SoU : I' • — The plant grew to a height of 62 cm. with 4 secondary 

branches and formed 24 capsules. The main root was 12 cm. long and it was 
about 9 mm, thick at start and then tapered gradiially. There v^ere 14 secondary 
roots, most of them being within 5 cm. from the soil surface. The secondary 
roots produced thin but long tertiary roots and these were about 10 per 1 cm. 
length. The spread of the roots in general was comparatively greater than in the 
previous case. 

Soil : scmcl-}-^ olmj — The plant grew to a height of 72 cm. with 6 secondary 

branches and. formed ' 128 capsules. The main root was 15 cm. long and it was 
about 10 mrn. .thick at start and then tapered gradually. , There were 20 secondary 
roots, most of them being xvifhin S cm. from the soil surface. The secondary roots 
in this case wx^re practically, similar in proportions to those described above. ^ The 
spread of ihe roots in general was greater than in the above cases. 

Soil: § ehy. — The plant grew to a height of S2 cm. with 6 secondary 

branches and formed 160 capsules. The main root was 18 cm. long and 12 mm. 
thick at start and tajiered gradually. There were over 35 sec.onda.ry roots ; practi- 
cally all of them appeared within 12 cm. from the soil surface. The secondary 
roots produced enormous number of long tertiary roots and they were about 16 
per 1 cm, length. The spread of the roots was the greatest of all in this group. 
The growth of the roots and the shoots of the early series are illustrated in Plate 
LXVII. . . . 

■ (Bj Late Series (Tyre 29). 

Soil : olay. The plant grew to a height of 64 cm. with 14 secondary branches 
and formed 48 capsules. The main root was 20 cm. long and it was about 1*2 cm. 



EARLY SERIES TYPE 22. 


PLATE LXVil. 
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thick at the start ‘ and then tapered gradually. There were 14 secondary roots 
most of tiiem being within 8 cm. from the soil surface. The secondary roots fpro- 
diiced thin and fairty long tertiary roots and these were about 3 per 1 cm. length. 
The tertiaiy roots also produced very thin short roots. The general spread of the 
roots was not much. The colour of the roots was rather dark. 

Soil : J sard + | olmj . — The plant grew to a height of 84 cm. with 18 secondary 
branches and formed 98 capsules. The main root was 50 cm. long and it was about 
1*5 cm, thick at start and then tapered gradually. There were 17 secondary roots 
most of them being situated ’within 10 cm, from the soil surface. , The secondary 
roots produced long,, thin, tertiary roots and these were about 4 per 1 cm. length. 
The tertiary roots were longer than those in • tlie . previous case and possessed , thin 
short roots. The general spread of the roots was comparatively greater than in the , 
above case. 

Soil : ofo|/.~~-The plant grew to a height of 102 cm. with 20 secondary 

branches and formed 139 capsules. The main root was 56 cm. long and it was 
about 1*7 cm. thick at start and then tapered gradually. There were about 20 
secondary roots, most of them being situated within 15 cm. from soil surface. The 
secondary roots produced thin, long, tertiary roots and they were about 6 per 1 cm. 
length. The tertiary roots produced thin long roots. The general spread of the , 
roots, was greater than that of the previous two eases. 

Soil : I clay . — The plant grew to a height of 107 cm. with 22 secondary . 

branches and formed 212 capsules. The main root was 60 cm. long and it was 
about 1*8 cm. thick at the start and then tapered gradually down to 15 cm;, and 
was 6 mm. thick, down the entire length. There were more than 35 secondary 
roots, movst of them being situated within 20 cm. from the soil surface. The secon- 
dary roots produced very long tertiary roots and they were about 10 per 1 cm. 
length. The tertiary roots also produced thin roots. The general spread of the root 
was the greatest of all in this group. The growth of the roots and the shoots of the 
late series are illustratad- in Plate LXVIII.’ '■ ' - 

From these observations and the accompanying photographs it is clear that as we 
proceed from the pot with clayey soil to the one with sandy soil, there is a marked 
incirease of vigour which results in greater height, greater number of capsules, longer 
and thicker main root with accordingly well defined secondary and tertiary roots. 
The colour of the roots in the clayey soils is darker than the roots from the sandy 
soils. There is a definite correlation in growth and vigour between the root and the 
shoot. It is clear that the roots show their maximum development and distribution . 
in the sandy soils. The growth in the soil with the largest proportion of sand is 
much better than in the other soils and hence we infer that sesamum prefers a light 
sandy soil with the necessary moisture for its maximum development. 





THE SIIEUDING OF NODULE.S BY BEANS 


, J. K. WILSON, t 

[ Reprinted' from tliC3 Jotirnal of the Amemm Sooiety of Agronomy^ VoL 2^, 

No. 8, August, 193L] 

Under iriiifoim eimfliiiojis nodules on legiimiiioiis .plants piobabiy reiaain.as long 
as flioy arc of any service to llie pbmt. If growtii conclitioiis .can acconmiodate a 
greater mimliCT, new iiodiiles may develop. If adverse growtti conditions are 
cji(‘Ciiiiitere(i alter a p<‘riod of fovoiii'able growtli, nodules maj?’ be slied. ExperimeiitB 
Jjave bIiowii tliat witli an increase in moisture tliere is an accompanying 
increase in iiocliilatioii until tlie plant lias readied an eqxiilibriuni at this new 
moisture content W’iiJi .tliose symbiotic conditions 'that bring about iiodulation. 
Little is hnowiL however, about what happens to a portion or all of the nodules 
that have developed under the best nodtilatiiig eonditioiis when the plant encounters 
less favcairable giowd'h ciicumstaiices. It \?oiild seem logical that if an increase in 
moisture causes a plant to develop more nodules that the reverse condition should 
cause it to shed iiod'iiles. The observations recorded in this paper are of interest in 
this connection, 

TeGH'NIC' 

The-? effect oi. a rediictioii in moisture content from that which w^as present 
when iiodiilatioii occurred W'^as measured by observing the iiiiinber and physical 
cmiditioii of nodules that remained oil plants'' after they w^ere subjected to, various 
degrees of desiccation. The exact procedure of how such infonnation wurs obtained 
is given in the fo,llowing'parag,raphs. 

. Dunkirk silty clay loa,.m-.was taken from a field whexe beans were growing. 
This was placed oii. a large canvas and uniformly ni'ixed. Equal weights of the 
moist soil w^ere put in one-half galion.. crocks. ..The total weight was taken of. each 
crock with the soil in it in .or den, that moistuio conditions could be controlled. A 
sample wuis also used for moisture determination. Calculations' showed' there 'were 
in each crock 1,860 grams of dry soil. With these facts at hand, it was possible to 
adjust the moisture content in any crock to any desired percentage. 

In order to have uniform conditions for nodule formation, the soil in each 
crock was not only thoroughly inoculated wdth a water suspension of the proper 

* Contribution from the Dei}t, of University, IthacarN. Y. Receiv5™for 

pubiioation February 18 , 1931 .^ 
t Frofwor of Soil Xechaology, 
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Perceiitage 
moisture 
red need 


Humber of nodules 
remaining on 
each plant 


Condition of affected 
nodules 


Humber 


Soft ai] 
water. 


)i't' and Hoat on 
water. Some hol- 
low, some very 
brown. 
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organism, but also Was maintained at 20 per cent, moisture. Tie cioclis were kept 
standing in running water so that temperature conditiens for all would lie alike. 
Frequent weighings, sometimes twice daily, and the addition of distilled water keist 
the moisture content reasonably uniform. 

Eed kidney heans were planted on July 22, about 10 to 12 for each crock. 
On August 14, inspection showed plants to he well-nodulated, giving an average 
of at least 30 nodules to the plant. At this period de.siccation was begun. The 
crocks were divided into groups of four and the moisture spontaneously reduced 
to the following percentages : 20, 15, 12'5, 10 and 8. After the njoisture reached 
the desired percentage it W’as maintained at this content for one day and then 
hrought back to the original 20 per cent. 

Shedbing obsebvations 

Observations were made on September 9. The plants w^ere just hfjgimiing to 
bloom. Those in crocks where the moisture had been reduced to 10 and 8 per cent, 
were showing the effects of such a treatment. The lower leaves w'ere beginning 
to turn yellow and in some cases to fall off. After the plant roots were freed from 
soil by gently washing them with a stream of water they were examined. The 
physical condition and number of nodules that remained on plant roots which had 
been desiccated to the varying percentages of moisture Acere observed. The data, 
together with other notes that seem desirable, are shown in Table I. 

Table I, 

Effect of moisture reduction from that vMch was f resent vihen nodtilation occurred on 
the number and the physical condition of the nodules on red kidney heans. 


* Present when nodulation occurred. 
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Table l—conid. 


Percentage 

BieiHtiirc 

K umber of imdiiles 

Alfectecl nodules | 

Condition' of affected 

redoctid 

to 

reinaiamg on 
eacli plant 

Number 

-Per cent. 

nodules 

10 

35, 55, 66, 57, 52, 34, 
25, 52, 100, 44, 29, 
24, 53, 46, 70, 34, 
70, 30, '70,0, 17. 

0, 0, 0, 20, 14, 15, 
8, 0, 18, 9, 0, 0, 
13, 0, 0, 0, 17, 
16, 24, 6, 12. 

15-00 

! 

Soft... and float on 
water ; none hollow. ; 
24 dislodged from 
plant roots and 
dark. 

s' ' 

33, 44, , 79, 57, 21, 50, 
103, 50, 41, 30, 41, 
64, 104, 05, 11, 39, 
55, 23, 89, 29, 48, 
38, 19, 28. 

Not determinable . 

j 


About 50 floaters ; 
some badly de- 
cayed ; others un- 
healthy but no visi- 
ble signs of decay. 


The records are typical of several sucli tests. They indicate clearly that a 
reduction in moisture of a few per cent, for 24 hours from that which w’-as present 
w'hen nodulation occurred resulted in a shedding of nodules. A drop in moisture 
from 20 to 12-5 per cent, destructively afiected 482 of 1,346 nodules. This was 
over 36 per cent. Individual plants showed as high as 57 per cent, of the 
nodules to he affected. Some of the affected nodules w'ere light enough to float 
on w'ater, some were soft, while all that was left of others w'as an empty hull. 
I'he latter w'ere characterized by a brown or dark color. Many of those that 
were not visibly affected were undoubtedly less vigorous and of reduced value to 
the plant. 

Many of the iioduies recorded in the table as remaining on plants at harvest 
time vcere in reality some that had developed between the end of the desiccation 
period and harvest time. This was judged partly from the small size and fresh 
appearance which they exhibited and partly from the average number of nodules 
on plants when desiccation was started in comparison ivith those present at 
harvest time on plants constantly kept at a uniform moisture content. Shedding 
of nodules ocoiirred more readily on the small and fibrous roots than on the tap 
root or from locations near the taproot. The mechanism by which the nodules 
were shed was not observed. There was no evidence that the contraction of 
the soil during desiccation took part in the process. Most of the nodules 
affected were still in contact with the root, and decay seemed to begin on the 
inside of the nodule. In a similar experiment a drop in moisture from 25 to 

20 per cent, also caused a similar shedding of nodules. 

^ It required a considerably longer time to desiccate the soil to 10 or 8 per cent, 
moisture than to 15 or J2-6 per cent. This means that those plants which grew 
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in soils desiccated to 10 or 8 per cent, had a shorter time for the decay of affected 
nodules, before being examined tlmn dkl those plants which grew in soil de.siecated 
to IS and 12-5 per cent, moisture. This made it difficult to determine how many 
of the nodules were affected and may account for the observed condition of 
nodules on those plants from crocks where the moisture was reduced to 10 and 
8 per cent. 

Discussion 

These results offer a reasonable explanation for the failure of numerous investi- 
gators to obtain beneficial results from artificial cultures, particularly on beans, 
and suggest why such cultures may sometimes reduce bean-yields. Once a 
plant has formed numerous nodules, as is often the case in wet soil in early sining, 
and subsequently encounters a dry period before maturity, it may shed many 
nodules. When the moisture is again increased new infections occur. This 
process of nodulation and shedding of nodules, in various degrees of complete- 
ness, may happen several times during the life of the plant. The effect of such 
recurring noduiaticn and its resulting internuttent service to the plant may stunt 
it so badly that final growth may be considerably less. Early growth in the 
presence of high moisture with accompanying stimulated nodule production 
brought about by the use of artificial cultures may produce a plant that canno 
readily adjust itself to drastic moisture changes which may often occur before 
plant maturity. 

These findings also aid in the interpretation of many conflicting data, parti- 
cularly those relating to nodular counts on plants at or nem blooming time. Such 
data are without question subject to considerable experimental error and should 
not be given too much credence unless one knows the moisture conditions to 
which the plants have been subjected before the observations are made. 

Although the observations presented were made on young Lean plants, there 
seems to be no reason why the effect of desiccation on nodules should not apply to 
many other legumes. 

COKCLUSIOK 

Plants were grown in soil whose moisture content was controlled. After 
nodulation had cccuried the moisture content of the soil was reduced to definite 
values for 24 hours and the effect on the existing nodules observed. The out- 
standing observations are listed below. 

A reduction of soil moisture from 20 to 12-5 per cent, caused bean roots to 
shed on the average about 36 per cent, of their nodules. Some individual plants 
showed 67 per cent, of their nodules to be destructively affected by this drop in 
moisture. Shedding occurred more freely on small and fibrous roots than on 
larger roots. 
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Faaaa oi Lahore. l-Bcitefflies oi Lahore. D. li. Pdei. Bull. Dept. Zool. 
Punjab University. Vol. I, pp. 1—61, [Coloured Plates I— IV, Hblography 94] 
April 1931. 

A i-yhleiiiafic aceount. of 57 species of Imtferflies collected from Laliore, iiiainly during tiie 
simniicr <d 1025, is given. lvey.s io geiiera and species Lave been added. A iruinber , of tlie species 
ijicnllMied an* of ectoioinic importance as pests of crops. [Af. A. Jf.J 

Agricaltural Meteorology of Isdo-Cliiiia [tons, title]. P. Caetom {A<jf. FfaL 
Pays Climis, n, ser,, 2 {193J\ No, 9, pp, J99 — 209^ figs, 4), [Extracted from tli.e 
Experiment Station Ke-cord, U. S. A. Department of Agrioultiirej Vol. ,64-, No. 9, 
June 1931]. 

Tiie Bureau of Climatology and Agricultural Meteorology, organized in 1926 in tlie Meteoro- 
logical Service of Iiido-Cliina, is described. Tlie bureau receives data from 26 meteorological stations, 
65 climatological stations, and 354 rainfall stations. Its worlc is confined to studies in climatology 
and agricultural ecology, in wbicL it Las the collaboration of specialists in coffee, tea, rubber, sugar* 
cane, cincLona, and otLer economic jdants, and of directors of experiment stations and plantation 
owners, as well as of tlie agricultural Lydraulic service especially in tlie study of evaporation and 
winds. 

A Study ol Paetors InflEeJicing Iiioeiilatioii Experimeiife witii Azotobaeter 
P. L. Gainey, (Kansas Sia, Tech, Bid,^ 26 (1930), pp, 66). [Extracted from the 
Experiinetit Station Eecord U. S. A. Dept. Agii., Vol 64, No. 9, June 1931]. 

The natural distribution of Azotobacter w’as found ' very closely associated wdtii, if not dependent 
upon, the absolute reaction of tbe soil It was further observed tbat wdieii bacteria of this genus 
are introduced into cultivated acid soils wdtb a pH of less tban 6*0 they soon perisb, tlie rapidity of 
this disappearance depending upon tbe degree of acidity. 

‘Tbe addition of basic substances such as CaCD 3 , MgCD 3 or neiitei of basic soil in sufficient 
f|uantities to reduce tbe concentration to le.ss than 10-® will render acid soils a fit pabulum for the 
existence of Azotobacter. Tbe addition of sufficient quantities of acid to a soil containing Azoto* 
bacter to maintain ]jermarient]y a H+ concentration greater than 1 X 10-® in the soib solution will 
result in the disappearance of Azotobacter therefrom. The maximum H+ concentration in the soil 
solution compatible with tbe existence therein of an active Azotobacter fora is very near 1 x 10-®. 
The major factor controlling the existence of Azotobacter in soils, at least as so far determined, is the 
hydrogen -ion concentration of tbe soil solution, the hydrogen-ions apparently acting directly as a 
toxic agent, though there is a possibility that act indirectly by affecting smne other soil 

constitueut.’ 
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Miifil Forking iii Sorghiim»-~-»G, N, Eahgaswami Ayyahcur and IK Spbba- 
MANYAM, Mladms dgfL Jour., VoL XVIII, (1930), No. 10, pp. 626---529 ; 1 fig ; 
6 tabsi 

Ihe niidribs of certain sorglinin plants were found to' bifurcate. Tiie forking varied, with tlie 
i.u,iioher of plants in which it is loanifcstcd in each line, the iiumher of leaves in w’hieh the forking 
appeared and in the intensit 3 " of forking. The immher of such plants varied from iin odd plant to 
hal:!: the population. The bclniviour in inheritance of the c]iara(.der was pursued. Midrib dicliotomj 
in r(3gardecl as an ancestral feature. It ina^^ also have a bearing on tbe liaruilian. origin of tlie 
Monocotyledons. [G, Tt. E.] 

Polyeniteywiy ia Elusine Oormana (Gaerta), Ragi. G. N. Bangaswami 
Ayyangab and N. Keishnaswami. Madras AgrL Jotir,^ Volume XVIII (1930), 
No. 12; pages 593-596.^' 

Tlie occurrence of Polj^enibryony in Eaf/i has been recorded for the first time. True 
rolyembryoiij^ is rather rare among cereals, A microscopical examination was made, but froiii the 
luiture of the material it was not possible to determine the manner of origin of the second eiiibr\'o. 

(Jiiri'ent theoites of Polyeinhryony are shoi'tlj' revitwYcd and the view that, Polyembryony is an 
ancestral feature, reininiscent of the Gymnosperms is supported. The role of hybridity is considered 
to be that of bringing out the reversion b}^ altering tbe normal tenor of the plant's life. 

Sixteen references to literature have been cited, [G. N. E.] 

Sorghum “stiiciies in sowing depths* G. N. Eangaswami Ayya^stgar and 
K, Kuhhi Keishkan Nambiyae. Madras AgrL Jour., Volume XIX (1931), No, 5, 

3 figs. 

Sowing depth* in sorghum varies with soil and moisture conditions. Successful germination is 
due to the combined effort of mesocotyl and coleoptile. This combined length is a varietal character 
and is elastic ivithin limits. Appreciable diEerences are noticeable within strains. This aspect of a 
strain will have to be remembered in its evolution, [G. N,'E,] 

A study of the Cheinistry of Indian Bnfiato milk Casein. K. B. Gode and 
D. L, ■ Sahasbabudbhe. Jour. Central Bureau AnL Husbandry and Dairying in 
India, Volume III, part I, April 1929 and part II, July 1929. 

After discussing the various methods of preparing fat-free and ash-free casern the most suitable 
method found by actual experiments is described. The iiltmiate analysis of buffalo casein done is 
compared with English cow casein. The former contains more of carbon and less of nitrogen than 
the latter. 

The results obtained in the estimation of the di -amino acids in the hydrolytic products of buffalo 
casein by hydrochloric acid show that amid nitrogen is extremely low when compared with that in 
the hydrolytic |)rGduets of cow casein, humin is inuch higher than in cow* casein, corresponding to the 
decrease in the amid nitrogen there is an increase in the non-amino nitrogen, the quantity of cystine 
is negligible in buffalo casein while arginine, histidine and lysine and amino acids are practically the 
same in bolli tlic caseins. The action of pe23sin and trypsin on buffalo casein showvs that this casein 
is more diiiicait to digest than the cow casein, [P, L. S.] 
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